Structural studies and classification of brucine co-crystallisations by Dijksma, Fokke J. J.




Thesis presented for the degree of Doctor in Philosophy 
External examiner: Prof. Judith A.K. Howard 
Internal examiner: Dr Cohn R. Puiham 
%7X3 




I declare that this thesis was written by myself and that the work detailed in this 
thesis is my own, except where specific reference is made to the work of another. 
11 
Acknowledgements 
I would like to thank my supervisors Dr R. 0. Gould and M.D. Walkinshaw for the 
opportunity to do my Ph.D. in Edinburgh, their encouragement and valuable 
discussions during my period here. I am grateful to the Chemistry Department for 
granting me a Demonstatorship. I would also like to acknowledge the following 
people for their assistance and help; Dr S. Parsons for collecting X-ray diffraction 
data, Dr R. Brown for the assistance with the TGA and DTA, Dr J. Bradshaw and 
Malcolm Darkes for letting me use the Differential Scanning Calorimeter and Gareth 
Oakley for collecting powder diffraction data. I also wish to thank Caroline Dick and 
Sonja Schwarzl for the strychnine work. 
Dr David White needs to be especially mentioned for not only proof reading the 
hardest bits of this thesis, but the chemistry talks we have had over the years. I also 
have to thank Dr. Tim Riggs, Dr. Lee Cronin and Dr. Steve Henderson for proof 
reading parts of my thesis. I cannot forget the people who had to share an office with 
me; Steve Harris for 3 years and Andy Parkin recently. The 'Tasker Group' 
consisting of Andrew Smith, Lucy Emeleus, Dr. Paul Lovatt (and his P.C. 
knowledge), Dr. Jeremy Holmes, Clare Squires, David Henderson, Dr. David Nation, 
and J0 Robertson were also frequently observed in rm. 85 and can not be left out. The 
members of the Structural Biochemistry group in the Swann Building where I 
crystallised the structures and in particular Jacqui Doman and Dr. Paul Taylor for 
advice, help and uplifting talks are thanked. Some other people need to mentioned for 
making my stay in Edinburgh worthwhile: Euan Brechin, Greg Solan, Stuart Pace, 
Fraser Welch, Xiaoming Liu, Tony Barratt, Alasdair Graham and Keith and Anne 
Grant. 
Of course I shouldn't forget Erika who not only encouraged me over the past 2 years, 
but even started living with me. 





Techniques for ligand Synthesis 
Modem NMR Spectroscopy 
Computers in Chemistry 
Radiation Protection 
Durham Crystallography School 
Crystal Structure Solution using DIRDIF 
X-ray Crystallography 
Introduction to Databases 




Drs R.O. Gould & S. Parsons 
Dr R. Parkin 
Meetings 
Inorganic Research Seminars incl. Firbush '96, '97 and '98 
RSC Scottish Dalton Meeting '97 Edinburgh 
RSC Autumn Meeting '97 Aberdeen 
BCA '96 spring meeting Cambridge 
BCA'97 spring meeting Leeds 
BCA'98 spring meeting St Andrews 
BCA'96 autumn meeting Daresbury 
ECM '98 Prague 
USIC '96 St Andrews 
USIC '97 Edinburgh 
Iv 
Publications 
F.J.J. Dijksma, R.O. Gould, S. Parsons, P. Taylor, and M.D. Walkinshaw, Chem. 
Comm., 745-746 (1998). 
. R.L. Baxter, F.J.J. Dijksma, R.O. Gould and S. Parsons, Acta Cryst., C54, 1182- 
1184 (1998) 




This thesis is concerned with the structural studies of Brucine and some 
adducts. The use of brucine as a resolving agent is well known, but the use of brucine 
a co-crystallising agent for molecules which crystallise with difficulty or not all is 
unknown. Carbohydrates are notorious for their difficult crystallisations if they can 
be crystallised at all. One aim of this thesis, explained in Chapter 1, is to investigate 
this use of brucine by crystallographic means. The experimental methods by which 
this was achieved are described in Chapter 2. 
Chapter 3 describes the simplest of the structures; the brucine hydrates. This 
comprises three brucine structures; the anhydrous, di-hydrate and tetra-hydrate. The 
description of these structures by means of crystallography, thermal analysis and 
powder diffraction gives a solid basis for further discussion. In particular, anhydrous 
brucine taken as a 'groundstate' is important in this aspect. 
Chapters 4 and 5 discuss the co-crystallisation of brucine with uronates and 
nucleic acids. These classes of molecules are treated as precursors of carbohydrates 
and show the tendency of brucine to form ribbons in crystals. They crystallise readily 
with brucine. The conformation of each acid is compared to conformations found in 
other crystal structures of these acids and found to be related. 
Chapter 6 describes the dicarboxylic acid series (oxalic acid to glutaric acid) 
and derivatives pyruvic, lactic and oxamic acid. These acids were chosen to co-
crystallise with brucine to investigate the effect of slight changes between them and 
on structural trends. Brucine is shown again to favour crystallisation in ribbons, 
although with a few notable exceptions. 
In Chapter 7 the same dicarboxylic acids are crystallised with strychnine to 
make a comparison between brucine and strychnine co-crystallisations. Here the 
predominant strychnine packing is a bilayer, but crystallisations with uronates and 
nucleic acids are not favourable. 
In Chapter 8 the overall trends will be discussed and the crystal structures 
rationalised, especially the power of brucine to crystallise in ribbons. These ribbons 
are an integral part of the effectiveness of brucine as a co-crystallising agent. The 
brucine molecule and ribbons are fully described by all the parameters gathered in the 
structures reported here and obtained from the Cambridge Structural Database. On 
the basis of this information the brucine crystallisations are classified, the classes 
being based on the arrangement of the brucine ribbons, since more than three quarters 
of all structures contain these motifs. 
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In this thesis, several crystal structures have been investigated. The structures 
described are mostly co-crystallisations of the alkaloid brucine (1)(see below), but 
include some co-crystallisations of the closely related strychnine. The alkaloid 
strychnine is isostructural to brucine with hydrogens at the aromatic ring rather than 
methoxy groups and uses the numbering scheme of 1. Both brucine and strychnine 
are commonly used as resolving agents. The separation of racemic mixtures by 
alkaloids from the cinchona bark has been known since 1853 when its use as such 









The ability of brucine and to a lesser extent strychnine, to function as resolving 
agents for amino acids was reported by Fisher in 1899.2  Brucine and strychnine are 
basic and thus have a tendency to crystallise with acids. The acid-base reaction leaves 
the brucine protonated at the N(2). The formation of diastereomeric salts has been 
reported for thousands of organic compounds, 3,4  but successful resolution can only be 
achieved by time-consuming trial and error experiments to obtain the right 
conditions. It is thus remarkable that no explanation or rationalisation has been put 
forward. R.O. Gould et a1 5 and P.Taylor6 have attempted to rationalise the resolving 
2 
abilities of both strychnine and brucine. They realised that the packing of brucine in 
corrugated layers (see Figure 1-1) was an essential aspect in the co-crystallisation of 
brucine. They also reported that strychnine was shown to crystallise predominantly in 
bilayers (see section 7.3). 
Figure 1-1: Showing four typical corrugated brucine layers composed of brucine ribbons along b 
stacked along a forming channels in [DAFFUL]. 
1.1 SUMMARY OF AIMS 
In Figure 1-1, the so-called brucine ribbons pucker along a. The structure 
shown here is [DAFFUL] brucine ethanol solvate dihydrate (see page 5)7,8  The 
brucine structures with such layers show typical cell dimensions, as seen here, of a = 
7.723A and b = 12.337A. The puckered ribbons created by the screw axis along a are 
stacked on top of each other along b to form the corrugated brucine layer. This 
feature in brucine structures raised the question whether the corrugated brucine layer 
remains conserved. The co-crystallisations reported here have been carried out in 
order to study whether the corrugated layer remains conserved. If they remain 
3 
conserved, the layers were to be classified. The following targets were set to answer 
these questions: 
To study and rationalise co-crystallisations of brucine with some selected 
carbohydrates and their packing motifs. 
To study and rationalise the co-crystallisation of brucine with a class of 
molecules. 
A classification and observation of trends in brucine structures. 
The approach along which these questions are hoped to be answered are described 
below in a greater extent. 
The fact that brucine co-crystallises easily with numerous chemical entities 
raises the more elaborate question whether the conserved corrugated brucine layering 
will act as a co-crystallising agent for molecules which crystallise with difficulty 
alone or not at all. Interest in carbohydrates and biochemicals, which are difficult to 
crystallise makes the use of such an agent attractive. Change of geometry and 
conformation of these molecules in successful co-crystallisations with brucine is 
undesirable. For that reason the co-crystallised molecules are compared with 
available crystal structures of these molecules. Two derivatives of carbohydrates; the 
uronates and the nucleotides, were chosen. Of these compounds, crystal structures are 
available which makes comparison possible, while they belong to the type of 
molecules targeted. 
In order to plan these brucine crystallisations, a start must be made 
rationalising the brucine packing. In this context it is preferable to have as many 
structures as possible, and have comparable structures. The dicarboxylic acids are a 
series of molecules which fit this description and purpose. The co-crystallisations of 
brucine with water resulted in the three brucine hydrates. The structure of anhydrous 
brucine is particularly useful in describing the preferred brucine packing in 'the 
ground state' as such serving as a template. The other two structures are a welcome 
addition, while the whole system was worthy of study on its own. 
The four different classes of molecules above are each discussed in a separate 
chapter. As each co-crystallisation is discussed on its own merits, the overall trends 
rd 
are discussed in the final chapter. Here all structures and those found in CCD are 
classified, described and discussed. 
Similar questions could be posed for strychnine packing. Although to a lesser 
extent, strychnine has been used as a resolving agent. Where brucine has the 
tendency to crystallise in corrugated monolayers, strychnine packs in bilayers. 
Strychnine was studied as co-crystallising agent with the same classes of molecules 
used for brucines. 
1.2 BRUCINE STRUCTURES 
1.2.1 Known Brucine Structures 
Although brucine has been used for over a century as a resolving agent only, 
eighteen examples resulting in 13 structures containing brucine positional parameters 
are deposited in the CCD. 9 All crystallographic data of the eighteen structures are 
given and described shortly when atomic positions are available with their [6 letter 
code] in brackets. The structures will be described with reference to brucine layering 
as described by Gould et al. 5 This results mainly in the describing of the corrugated 
layers composed of brucine ribbons. 
Brucine 1-(O-Bromophenyl)-1-Phenyl-2-Propynol' °", a = 12.446, b = 33.485, c = 
7.728 P2 1 2 1 2 1 , [BAHLAX] and [BAHLAX1O] show a packing of brucine layers 
composed from brucine ribbons with each layer having an opposite direction. 
Brucinium N-Acetyl-L-Tryptophanate Brucine Pentahydrate,' 2 ' 5 a = 9.57 1, b = 
31.793, c = 9.167 and 13  = 97.42, P2 1 ,[CODZIE] 
Brucinium N-Acetyl-D-Phenylalaninate Tetrahydrate, 12,5  a = 11.080, b = 7.526, c 
20.137 and 13 = 91.24, P2 1 , [CODZOK] shows no brucine ribbons but a packing 
of head to head brucines forming a layer. 
5 
Brucine N-Benzoyl-L-Alanine Clathrate Hydrate 5 , a = 12.423, b = 33.343, c = 
8.222 and 13 = 97.460, P2 1 , [CUXKOV] shows a packing of brucine layers 
composed from brucine ribbons with the layers heading in the same direction 
Brucine Ethanol Solvate Dihydrate 5 ' 7 , a = 7.723, b = 12.337, c = 25.212, P2 1 2 1 2 1 
[DAFFUL] shows a packing of brucine layers composed from brucine ribbons 
with each layer having an opposite direction 
2-Vinyl-Cyclopropane- 1,1 -Dicarboxylic Acid (-)-Brucine Dihydrate, a = 7.925, b 
= 12.455, c = 28.719, P2 1 2 1 2 1 13 , [FAKCAV] shows a packing of brucine layers 
composed from brucine ribbons with each layer having the opposite direction 
Brucine (+)-3'-Methylspiro (Imidazolidine- 4,4'(l'H) - Quinazoline) - 2,2',5-(3'H)- 
Trione, a = 13.554, b = 12.153, c = 9.577 fl = 102.090, P2 1 14 , [JOPPAF] shows a 
brucine packing mode, which is not comparable with a brucine layer. 
Brucinium 2R 4R6, 7-Dichioro- C-4- Hydroxy -2 -Methylcbroman -4 -Acetate Di 
hydrate 15  a = 8.106, b = 12.761, c = 34.95 1, P2 1 2 1 2 1 [JOXVAT] shows a brucine 
packing mode, which is not comparable with a brucine layer. 
Brucinium (+) - (S) - 3 - (2, 4- Dimethyl -5- (Ethoxycarbonyl ) -1H - Pyrrol -3- Yl 
) Butanoate Acetone Solvate Monohydrate, a = 8.170, b = 12.383, c = 18.945 and 
13 = 95.520, P2 1 2 1 2 1 16 [JURVAT] shows a packing of brucine layers composed 
from brucine ribbons with each layer having an opposite direction 
10.Brucine 2-Cyano-2-Hydroxybicyclo (2.2. 1) Hept-5-Ene Clathrate, a = 12.519, b = 
14.286, c = 14.607, P2,2,2,' 7 , [WASLAD] shows a packing consisting of brucine 
ribbons but no layer. 
11.Brucine 2-Cyano - 2 - Hydroxy - 7 - Oxabicyclo (2.2. 1) Hept-5-Ene Clathrate, a = 
12.378, b = 14.088, c = 14.582, P2,2,2, 17 , [WASLEH] shows a packing consisting 
of brucine ribbons but no layer. (see [WASLAH]) 
12.D-Phthaloyl-Threo-Beta-Hydroxyleucine Brucine Ethanol Solvate, a = 14.494, b 
= 27.235, c = 9.118, P212121' 8 [PIDLUJ] shows a brucine packing mode, which 
is not comparable with a brucine layer. 
13 .L-Phthaloyl-Threo-Beta-Hydroxyleucine Brucine Methanol Solvate, a = 28.115, b 
= 15.420, c = 16.42 1, P2,2,2,' 8 , [PIDMEU] shows a brucine packing mode, which 
is not comparable with a brucine layer. 
14.L-Phthaloyl-Threo-Beta-Hydroxyleucine Brucine Dihydrate, a = 16.13 5, b = 
27.099, c = 7.750, 3 = 94.550, P2 1 18 , [PIDMIY] shows a packing of side by side 
brucines forming pairs 
1 5.The Brucine Tetrahydrate [ZZZPRW] structure has only the spacegroup and unit 
cell dimensions deposited, but will be discussed fully in Chapter 319 
16.Brucine 3-Oxocyclohexane-Carboxylate, a = 13.002, b = 13.858, c = 14.286, 
P2 1 2 1 2 1 20, [LIGJOA] shows a brucine packing consisting of brucine ribbons, but 
no layer (see [WASLAH] and [WASLEH]) 
17.(-)-Brucine Binaphtholphosphate Ethanol Solvate Dihydrate, a = 12.600, b = 
17.417, c = 21.776, P2 1 2 1 2 1 21 , [ZUSHEA] shows a brucine packing consisting of 
brucine ribbons, but no layer 
The above structures are, when positional parameters are available, used for 
the classification and observation of trends in brucine crystallisations in Chapter 8. 
The additional brucine structures described by Taylor  will not be discussed here but 
will be used for the classification and description of brucine packing. 
1.2.2 Molecular Geometry and Crystal Packing 
Throughout this thesis the brucine itself will be discussed by means of 2 parts 
of the molecule: 
1. The methoxy groups on the aromatic ring. The in plane distortion (the plane 
created by the aromatic ring) of the methyl groups is described by the angles Al 
0(3)-C(3)-C(2), A2 0(3)-C(3)-C(4), A3 0(4)-C(4)-C(5) and A4 0(4)-C(4)-C(3). 
Normally the groups bend away from the ring. The four corresponding torsion 
angles indicate the out of plane distortion of the methoxy groups. This is described 
by the two torsion angles Ti C(22)-0(3)-C(3)-C(2) and T2 C(23)-0(4)-C(4)-C(5) 
7 
Figure 1-2: Showing the discussed bond lengths, angles and torsion angles in each brucine 
2. The three bond lengths around the protonated N(2) described by B  N(2)-C(l 5), 
B2 N(2)-C(lO) and B3 N(2)-C(9). The lengths fall within the expected range for a 
C-N bond, but a sequence of bond lengths has been observed. This sequence is 
N(2)-C(9) > N(2)-C(l0) N(2)-C(15) if N(2) is protonated. This might indicate 
the influence of protonation on the N(2)-C(9) bond length. It is as such interesting 
to look at the bond lengths around N(2) of non protonated brucines. 
Those two regions will be discussed for each brucine molecule, because of their 
relative flexibility in the otherwise rigid brucine molecule. Along with all other bond 
lengths angles and torsion angles they are averaged and tabulated in Chapter 8. 
Before the brucine packing is to be classified and described the observation 
made by Gould et a1 5 that brucine molecules in general form a corrugated layer must 
take shape (see Figure 1-1). Therefore the orientation of brucines in the layer and the 
head to tail interactions are discussed. 
Since the preference of brucine to pack in ribbons and subsequently layers is 
supported by the structures found in the CCD, the need arises to describe these layers 
thoroughly. This preference of packing in a layer results in a preference for unit cell 
dimensions and symmetry elements. Thus, the unit cell is dependent on the brucine 
layer. The unit cell dimensions dependence on the layer enables the discussion of the 
position of the brucine in a ribbon or layer to be related to the unit cell. In Figure 1-1 
a part of a ribbon is shown in a monoclinic unit cell, indicating the ribbon direction 
along a and layer formation along b. Since every brucine in a layer is related to this 
specific grid, each brucine can be related to another. This grid is used as a basis to 
describe the position and orientation of each brucine molecule (see Figure 1-3). 
The orientation of each brucine molecule is always shown in a figure similar 
to Figure 1-3b showing: 
. The unit cell with the axes labelled a(or bxc), b(or axe) and c (or axb) 
perpendicular. 
• Li is the line through C(8) and the mid-point of the bond between C(3) and C(4). 
The line Li is used in the grid created by the unit cell as a measure of puckering 







- 	 a 	bxc 	b 	a.xc 	c 	bxa 
Li x x x x x x 
P1 	X 	 x 	X 	 X 	 X 	 x 
Figure 1-3: (a) Showing a unit cell, with crystal faces and their normals and the line Li describing 
the brucine position in the unit cell of X, (b) constructing the normal of P1; P1 on basis of the 
angles with the unit cell edges (P1 = - ....Yo - ... z0) and showing U. 
• P1 is the normal of the plane P1 through C(8), C(3) and C(4). The line P1 
describes the tilt and orientation in the unit cell. P1 is defined by the intersection 
of the following circle and lines: 
• The circle in the figure gives the angle of P1 with the unit cell edge 
coming out of the plane (here a) or the normal of the given axes (here bxc) 
depending on the chosen basis of observation. 
• A vertical line describing the angle of P1 with the horizontal axis or 
normal. 
• A horizontal line describing the angle of P1 with the vertical axis or normal. 
The brucine in the layer is thus described by the angles of P1 and Li with the unit cell 
axes a, b and c and the normals of each unit cell face (bxc, axc and axb). All these 
angles are tabulated while the angles for the description in the chosen basis are in 
italic for LI and underlined for P1. In the figures similar to Figure 1-lb the brucine 
ribbon is thus always being looked at in a plan view, along the brucine layer (if 
present). The atoms C(3) C(4) and C(8) are chosen to create the Li and P1 because 
of their position in the aromatic ring area. The flatness of the aromatic ring helps to 
visualise the orientation of the line and the plane in the brucine molecule. 
The preference of brucine to pack in ribbons and subsequently layers can not 
be used only to describe the position of the brucine molecule in relation with the grid, 
described but also the close contacts between brucine molecules in the ribbon. For this 
purpose four atoms are chosen 0(3), C(3), 0(4) and C(4) and their standard 
neighbours as shown in Figure 1-4. These atoms all lie in the aromatic head and their 
neighbours are or situated in the bottom or the top of the bulky tail as seen in Figure 
1-4. The brucine ribbons will also show their variety of puckering, tilt and orientation 
by means of the close contacts. The thus described close contacts of the brucine in the 
layer or ribbon are used as an aid in specific layer or ribbon descriptions. 
• 0(3)-C(1O) 	- 	 C(3)-C(13) 	- O(4)-C(11) 	- 
O(3)-C(11) - 	 C(3)-0(2) - 0(4)-C(13) - 
0(3)-C(13) 	- 	 C(4)-N(1) 	- 0(4)-C(14) 	- 
C(4)-C(14) . O(4)(i)  
Figure 14: The close contacts for 0(3). 0(4). C(3) and C(4) (not shown are the given distances for 
the C(3) and C(4)) describing the environment of the brucine head. 
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On the basis of these parameters, brucine structures are described using the 
changes inflicted on them by the co-crystallisation. In Chapter 8, average values for 
brucine molecules, ribbons and layers are given. 
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2.1 SMALL MOLECULE X-RAY DIFFRACTION 
X-ray diffraction by crystalline materials can be examined using two similar 
techniques single crystal or powder diffraction. This section does not intend to give a 
full account on those diffraction techniques but will be used as a basis for discussing 
the structures in this thesis. The differences and similarities between the techniques 
and the methods used will be discussed. Many excellent textbooks are available on 
diffraction techniques. "2 ' 3 Both techniques have the same theoretical basis starting 
with the diffraction of crystal planes described by the Bragg equation 4 . 
2. 1.1 Single Crystal X-ray Crystallography 
2.1.1.1 Diffraction  of X-rays 
The X-ray diffraction pattern of a compound is determined by the three 
dimensional ordered arrangement of atoms and molecules in a single crystal. This three 
dimensional order can best be described by defining a basic unit, the unit cell, out of 
which by translation into all three directions the single crystal, the complete structure is 
created. The unit cell is itself generated by applying symmetry operations to the 
asymmetric unit. 
The periodicity in crystals was first observed by von Laue to diffract X-rays. 3 
X-rays have a wavelength comparable to the atomic spacing in crystals (0.7 - 2.0 A). 
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Instead of using a broad band of X-ray wavelengths as von Laue, today a 
monochromated X-ray beam is normally used. This monochromated beam is produced 
by impinging a beam of electrons on a metal anode which emits X-rays of mainly 
characteristic frequencies. Copper and molybdenum are the most widely used anode 
materials. The thus created X-rays are mainly Ku (2p-+ls transition) and K[ (3p-+ls 
transition). The KP and much of the white radiation is filtered out by filters with an 
absorption edge at a suitable wavelength or reflected by crystal monochrometers 
(carbon here) to give monochromated Ku radiation (MoK(x: X = 0.71073 and CuKct: X 
= 1.54184) 
If a beam of X-rays strikes a layer of atoms at an angle 0 the X-rays usually 
give totally destructive interference, because those scattered by one plane of the crystal 
are completely out of phase with those scattered by others. But if the angle 0 and the 
orientation of the crystal are such that two parallel layers, related by lattice translation, 
scatter the beams in phase, the X-rays are reinforced and there is a measurable 
diffracted beam, which obeys the Bragg equation: 
2 = 2dhkl sin  
in which d is the interplanar spacing or distance between the two planes (hkl), 2 is the 
wavelength of the X-rays and 0 is the angle between the X-rays and the layer of atoms. 
The layer of atoms or plane are described by a set of integers or the Miller indices h, k 
and 1. The directions of the beams are uniquely determined by the wavelength used and 
the unit cell dimensions. The intensity '1w  is uniquely determined by the contents of the 
unit cell: 




,-- i-. 	2 
hkl fhkl 
with FhkI  the structure factor corrected for by Chkl  which combines several geometrical 
and physical factors depending on both hid and experimental conditions, i.e. 
polarisation, Lorentz and absorption corrections and K the scale factor depending on 
crystal size and beam intensity. 
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The structure factor F/,k/ is the sum of waves, with amplitudes and phases 
reflected from a plane. The positions of atoms in the cell (xyz) are related to the ability 
of a set of planes to diffract a beam of x-rays. The structure factor F and the phase 
angle 0 corresponding to a set of planes are given by: 
- 	2 	21/2 
IF/iklI - (Ahkl +Bhk/) 
Øhkl = tan 1 (Bhkl /Ahkl) 
with: 	Ahk, = Ej(fcos [2;T {hxj+kyj+lz)] exp [-(8i?U7 sin  O/X2 )]) 
Bhk/ = E (J5 sin [27r{hxj+kyj+lzj}] exp [-(8n2 U 2  sin  0/22)]) 
In these equations x1, yj and zj are the coordinates of an atom j expressed in fractions of 
a unit cell,]; is the scattering factor of atom j, which for X-rays is roughly proportional 
to the atomic number and U is the mean square amplitude of the vibration of the atom 
J. 
Therefore, if the atomic coordinates are all known the diffraction pattern can be 
calculated. An important simplification occurs when the crystal structure is 
centrosymmetric. Every atom at position x, y, z identically matches one at -x, -y, -z. In 
this case Bhk,  will be 0, j  must be 0 or 7r (however since, brucine is a chiral molecule, 
all structures in this thesis are non-centrosymmetric). The electron density is a Fourier 
summation of the structure factors just as the diffraction pattern is a Fourier summation 
of the electron density. 
p=k'V EhEkEl(F/7k/cos[27r{hx+ky+lz}- cbhkl]) 
Where p is the relative electron density at point x, y, z. 
At the beginning of the solution of a crystal structure, the unit cell, the unit cell 
contents, possibly the spacegroup and the intensity data are normally known, but the 
phases and the unit cell contents with atomic positions are unknown. The two main 
methods for solving a crystal structure are the Patterson method and direct methods. 
HR 
2.1.1.2 X-ray diffraction experimental 
The data for all crystal structures described here were collected on a Stoe 
STADI-4 circle diffractometer at low temperature (generally 220K) with graphite 
monochromated CuKa X-rays. Data collection was controlled by the program DIF-4 6 . 
Absorption correction was either not applied or was applied by a simple empirical 
method, since the structures described here consist of light nuclei C, H, N and 0 
(besides the nucleic acids structures described in Chapter 4 which contain P). Earlier 
structures were collected to a limiting angle °m of 600.  This angle was due to 
interference of the low temperature device and decreasing intensity of reflections. Later 
data are collected up to 70° in 0. In general, no Friedel equivalents are collected since 
the structures consist of C, H, N and 0, which show a small anomalous scattering effect 
and the absolute structure of brucine is known. The data are reduced with the program 
REDU-4 which applies a Lorentz correction, a polarisation correction and a drift 
correction based on the intensity difference of standards over time 7 . 
2.1.1.3 Solving the phase problem by direct methods 
In any diffraction pattern some intensities will be stronger than others with the 
same Bragg angle and thermal motion means that the average intensity falls with 
increasing e. The intensities can be idealised by estimating the average value of Fhk12 as 
a function of sinO and dividing each intensity by this local average and scaling so that 
the average value of the intensities is 1.0 for all regions of 0. The square root of the 
resulting intensity is called the 'normalised structure factor' E. These structure factors 
correspond to the diffraction pattern for 'point atoms at rest'. The absolute value of E, 
El is an indication of how well the atoms fit to that set of planes, and the use of the 
normalised structure factors enhances the probabilistic implications of phase 
determining formulae. 
The problem that direct methods addresses is that of determining the correct 
phases. For this purpose there are a few helpful symmetry relationships. Most 
spacegroups allow the origin to be fixed in more than one place, which allows the 
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phases of a few data to be fixed arbitrarily. But the most important feature is the 2 
relationship which is valid for large values of IEI, say JEJ i  JE12 and JE13 all >1.5. 
h1+h2+h3=k1+k2+k3=11+12+13=0 - 
This relationship is based on the fact that electron density is concentrated near the 
atomic nuclei, and must lie near the planes corresponding to high E values. When, 
normally using multiple starting points, the best solution is found for the phase 
problem, the electron density map can be calculated. From the electron density map 
atomic positions can be located and by iterative cycles improving the phases and 
atomic positions the structure is solved and refinement starts. 
2.1.1.4 Solving the Phase Problem by the Patterson method 
The Patterson method starts by ascertaining some atomic positions, while direct 
methods starts by ascertaining phases for some of the diffraction patterns. The 
Patterson method is used when there are a few heavy atoms (such as transition metals) 
in the structure or when the structure of a group of atoms is already known. 
In the Patterson method for structure determination the phase problem is 
circumvented. The electron density at any point in the unit cell can be calculated by the 
following equation. 
Pxyz =k/V hkEI (Fhkl cos [27c {hx+ky+lz} 4hk11) 
Where k is the scaling factor, V is the unit cell volume and the summation is done over 
all data FhkI, 4hk1. The phases are not known in the beginning, but the following 
summation can be done 8 ' 9 . 
P = k2/V EhEkI  (FhkI2 cos [27r {hu+kv+lw}]) 
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The introduction of uvw in place of xyz indicates that high intensities in the 
electron density map do not indicate an electron density position, but an electron 
density vector. 
When a small number of heavy atoms dominate the vector map, spacegroup 
information is used, and the possible positions of these atoms are found. This method is 
not easily applied to equal atom structures. If, however, the structure of a group of 
atoms is known, it is possible to calculate the vectors between them and start working 
from there. Thus, the Patterson method is a good replacement for direct methods when 
heavy atoms are present, or when the structure of a group of atoms is known. 
If the three dimensional structure of a group of atoms is known in a unit cell 
with a spacegroup but needs to be found in a different unit cell with a different 
spacegroup a transformation can be found. This transformation is based on a intra-
molecular vector set composed from the atomic positions of the initial three 
dimensional structure. The transformation is created by rotation and translation of the 
vectors in the observed vector map. Firstly the set of vectors is rotated around the origin 
of the observed patterson to obtain the best fit. The best rotation positions are used as 
starting points for the translation search. The vector set is then translated to obtain the 
best fit. With generated symmetry equivalent positions the calculated Patterson is 
superimposed on the observed (intramolecular vectors are insensitive to translation) 
and the best transformation gives the orientation and position of the known fragment in 
the unit cell. 
2.1.1.5 X-ray diffraction data Analysis 
The spacegroups for brucine, a natural product, are limited to the holo-axial, 
since brucine is chiral molecule. On the basis of the unit cell dimension and the 
intensity data the spacegroup can usually be established by the systematic absences 
(classes of reflections with zero intensity). 
The structures were in general solved by Patterson search methods with the 
program DIRDIF.' ° This was found to be a more reliable (right hand) and faster (no 
search for the best set of starting phases). Brucine is an excellent molecule for a 
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Patterson search; a well determined set of atoms of a rigid molecule with 4 oxygen 
atoms (Patterson map difference between an 0-0 vector of 64 (82)  and a C-C vector 
of 36 (6 2) is nearly two). 
After obtaining the DIRDIF solution the structure was completed by Fourier 
methods and ultimately refined by a standard least squares program SHELXTL." 
After iterative least squares cycles a measure of how well the proposed structure fits 
the observed data is given by: 
wR2 = { [w(F! - F 2)2] / E [w(F02)2] 1/2 
RI = E 11F01- IFIl/ IFI 
with the weighting scheme w = 1 / [(Y 2(F"2+  (aP)2 + bP] and a and b are variables 
and P = [2(F2 +Max F02,02] / 3]. For each compound both the wR2 for all data and 
RI for data 10 > 2a are given together with a and b and other crystallographic 
information in a table. 
All the pictures presented in this thesis are either prepared by SHELXTL" or 
by Cerius2. 12 
2.1.2 Powder X-ray Diffraction 
Instead of using a single crystal, powder diffraction uses a powder of 
multicrystalline material. Everything described in section 2.1 .1 .1 still applies, but it is 
not possible to collect data uniquely from each set of planes, instead the random 
orientation of the crystals results in a one-dimensional pattern in terms with the 
single variable 0. This means that a single peak and its intensity is not necessarily 
dependent on a reflection from a single plane, but may be a multiplet caused by 
multiplicity or several different (not symmetry identical) planes or a combination of 
these two. The intensity of a peak is also dependent on the fact that although a 
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powder should result in a random crystal orientation, most multicrystalline materials 
(needles, plates etc.) tend to adopt preferred orientations. 
X-ray Powder diffraction has here been used as a analytical technique to 
determine different phases. It is impossible to determine a structure of considerable 
size from the collected data, but a powder diffractogram can be used as a fingerprint. 
Data can be collected reliably over a considerable 20 range in a short time by a 
suitable measuring time and step size. All measurements were performed on a Philips 
PW 1730 carbon monochromated diffractometer equipped with an Anton Paar XRK-
900 Reactive Chamber. The reactive chamber allowed data measurements to be 
collected under different temperatures controlled by a temperature control program. 
2.2 THERMAL ANALYSIS 
Thermal analysis is the measurement of changes in physical properties of a 
substance as a function of temperature whilst the substance is subjected to a 
controlled temperature programme' . 
2.2.1 Thermogravimetry 
ThermoGravimetric Analysis (TGA) is the simplest of the of techniques used 
for thermal analysis. TGA uses a balance with a counter weight or tare. The 
sensitivity of the apparatus is in the order of 1 g. The balance is positioned in a 
controlled area, where a furnace is placed and if necessary a gas flow can be 
supplied. The furnace heats the reaction chamber normally at a constant rate (in range 
from 1°C to 50°C per minute). A Stanton Redcroft TG 760 was used for the TGA. In 
this work, an open aluminium sample holder was used under a constant heating rate 
of 2°C min' . 
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The data can be differentiated to give a Derivative ThermoGravimetric curve 
(DTG curve). It needs to be emphasised that DTG curves only indicate mass events 
in which the mass of the sample changes, a phase change or fusion will not show in a 
DTG curve. TGA can also be used for kinetic studies on its own and in combination 
with a vapour pressure measurements. 
2.2.2 Differential Thermal Analysis and Differential Scanning Calorimetry 
Differential Thermal Analysis (DTA) is the most widely used thermal 
analysis technique. Differential Scanning Calorimetry gives the same results but uses 
a slightly different technique, while the principle stays the same. The difference in 
temperature AT between the sample and the reference material is measured while 
both are subjected to the same environment. Should an endothermic / exothermic 
reaction (melting, dehydration or phase change) take place the sample temperature 
will lag behind or exceed the reference temperature. The measured AT = T,-T,, where 
T is the actual sample temperature and Tr is the actual reference temperature, is 
recorded. For an ideal instrument the heat capacities and thermal resistance's are 
equal and C s > Cr following Newton's law: 
dqAT 
dt R 
with R the thermal resistance and dq/dt the heat flow. But the heat flow heats both 
the sample and the sample monitoring station and after applying Newton's law 
giving: 
and= 7 
dt 	R 	dt 	R' 
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with Tsm the measured sample temperature and T17 the temperature of the heat source. 
Similar expressions apply for the reference. 
The difference between the two techniques is that DTA measures AT while 
DSC (power compensated DSC) keeps AT = T,-T,, = 0 and the power difference is 
recorded. This results for DTA in Tsm = T and Trm = Tr, i.e. R' = 0. The signal then 
results in: 
AT = R(11)(C - Cr ) 
This term depends on the differences in heat capacities, the heating rate and the 
thermal resistance, R. R is the thermal resistance of the instrument , the sample and 
the reference. The DTA measurements were done on a Stanton Redcroft DTA 673-4 
with an open alumina sample holder, alumina powder as reference material and a 
constant heating rate of 5°C min 1 . 
With DSC Tsm = Trm, thus Th = T5m = Trm and R = 0 resulting in 
A
( 
 = - Cr) 
dt) dt) 
All DSC measurements were done on a power compensated Perkin Elmer Pyris DSC 
with stainless steel sample pans with pearced lids, alumina powder as reference 
material in stainless steel pans with lids under a constant nitrogen flow at constant 
heating rate of 10°C min - ' between 30°C and 190°C after a initialising period of 5 
minutes at 30°C. 
The recorded data -give a curve, where an endothermic reaction gives a peak 
and an exotherm a trough. The area under the endotherm / exotherm is related to the 
enthalpy change ziH = A x K/rn (where m is the sample mass, K is the calibration 
factor and A is the measured area). Before the area can be calculated the curve must 
be baseline corrected to give a true area of the trough or peak. A change in baseline 
can easily be understood in the case of the dehydration of the sample where as water 
leaves the compound, the heat capacity changes and thus the applied power. 
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After determination of the enthalpy of fusion the entropy of the fusion can be 
calculated. Since at Tf the Gibbs free energy AG = 0 the entropy is easily calculated 
by AG = All - TAS. This formula is also applied for the phase change, but for the 
dehydration the Gibbs free energy is equal to AG = All - TAS = RT1n PHO• 
The curve is not only affected by the materials used. The sample used can be 
single crystals or a fine powder. This makes a difference to the behaviour on 
heating 14 . A sample is generally finely powdered and spread evenly over the sample 
holder, which itself is of influence on the resulting data. It must be made of an inert 
material. For example if an open sample holder is used a vapour will be driven off 
over a wide temperature range. 15,16  But the rate of escape of vapour is reduced when 
a sample holder with a pierced lid is used and the resulting data gives a sharpened 
peak. Another variable is the heating range. A curve can be considerably changed by 
a change in heating range. This phenomenon is used for the kinetic studies mentioned 
in the TGA section. In general the best heating rate for the sample needs to be found 
by trial and error. 
2.3 BRUCINE AND STRYCHNINE COCRYSTALLISATIONSt 
The following section gives a brief description of the experimental techniques 
pursued to obtain crystals suitable for diffraction. The basicity of brucine explains its 
tendency to crystallise preferably with acids. This results in an acid-base reaction in 
which brucine is charged / protonated at N(2) and the acid is deprotonated. After 
crystallisation a salt is obtained, which for organic salts is normally colourless. 
The techniques used are relatively simple. Some attempts were made to use 
protein crystallisation techniques, i.e. hanging and sitting drop methods. The use of 
those techniques would be advantageous for crystallising molecules which crystallise 
alone with difficulty or not at all, and are expensive or can only be obtained in low 
The strycimine co-crystallisations were carried out by Caroline Dick and Sonja Schwarz] 
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yields. The co-crystallisation of galacturonic acid was achieved by this technique, 
but in other cases the techniques outlined below were more successful. 
The used techniques to obtain crystals of diffraction quality was to dissolve 
approximately 0.025 mmol of an acid with heating in a solvent and add later 0.025 
mmol of brucine with heating. If the brucine only partly dissolves more solvent is 
added with heating till all the brucine is dissolved. The dissolving with heating 
should result in a supersaturated solution. Such a solution is more likely to 
crystallise. After initial one-off trials with different solvents, each co-crystallisations 
was carried out in eight different solvents to maximise the crystallisations results. All 
crystallisations were performed on a one to one ratio between brucine and the acid, 
but the resulting crystal content seemed independent of this ratio. 
The initial crystallisations were performed on the nucleotides and proved to 
be successful immediately by the crystallisation of 1 and cytidine 5'-monophosphate 
(see Chapter 5). The other nucleic acid crystallisations were more troublesome. That 
of 1 and thymidine 5'-monophosphate was obtained relatively easily after two weeks 
with a repeat crystallisation from water. The crystals of 1 and adenosine 5'-
monophosphate and 1 and guanosine 5'-monophosphate were only obtained after 
weeks and after several reciystallisations with seeding from an one to one mixture of 
water and ethanol. An attempt was undertaken to crystallise the base pairs 0-C and 
T-A but has been unsuccessful so far. Brucine solubility tests in several solvents 
prompted the idea of using those routinely to obtain crystals. The 8 different solvents 
were a mix between protic and aprotic solvents with decreasing polarity to get a wide 
range of solvents. And as can be seen from the dicarboxylic acid crystallisations as 
the carbon chains get longer crystallisations occur in aprotic and less polar solvents. 
The solubility test on brucine proved to be a rich ground for crystals resulting 
in brucine anhydrous from acetonitrile (MeCN), DiMethylSulfOxide (DMSO), N, N-
DiMethylFormamide (DMF) and acetone, brucine dihydrate from tetrahydrofuran 
(THF), brucine tetrahydrate from water, brucine MeCN from MeCN (not discussed 
here) and brucine ethanol from ethanol. 
The brucine galacturonic acid crystallisations were carried out by Dr. P. Taylor 
25 
Table 2-1: The results of the solubility test on brucine and the brucine and glucuronic lactic and 
pyruvic acid crystal lisations are tabulated (with; D= Dissolved, yes: I, no: X; X-tal = crystal, no: X, 
yes: I with shape R=Rod, N= Needle, B= Block and P = Plate). 
Solvent brucine glucuronic acid lactic acid pyruvic acid 
Diss. t1 X-tal Diss. 	Ml 	X-tal Diss. i1 	X-tal Diss. 	.il 	X-tal 
1(20 X - 'I,R -.J 50 X - x - x 
Et0H -1 100 I, N X 	- 	- -.1 - 	X - 	'I, B 
MeCN I 100 -'I,p X - - - - - - -. 
THF \i 100 J,B/N X 	- 	- - - 	- - 	- 
i-ProOH J 200 'i, B X - - - - - - - 
Acetone I 300 'I,P - 	- 	- 'I - 	J,B - 	X 
DMF -1 50 -I,P - - - - - - - - 
DMSO '/ 50 I,P - 	- 	- - - 	- - 	- 
Several series of attempted crystallisations of brucine with galactose, glucose, 
sucrose, lactose, azelaic acid, ribose 5'phosphate, uridine 5'-monophosphate, di-
hydrogen tris-oxalate ferrate (III), di-acetone glucose 3-sulphate and 1,2,3,4-tetra-
acetyl-glucose-6-sulphate were all without result. The co-crystallisations described in 
Table 2-1 and Table 2-2 were all unsuccessful. Additional crystallisations attempts 
performed by addition of several solvents to aqueous solutions all failed. The 
exception is glucuronic acid, which produced needles from acetonitrile and acetone 
after solvent evaporation. 
Table 2-2: The results of the brucine and nucleotides crystal lisations (D= Dissolved, yes: 'J, no: X; X-
tal = crystal, no: X, yes: J with shape R=Rod, N= Needle, B= Block and P = Plate). 
Solvent 	CMP 	 TMP 	 AMP 	 GMP 
Diss. 	Ml 	X-tal Diss. 	.il X-tal Diss. 	Ml 	X-tal Diss. 	M1 	X-tal 
EtOH 	X - - 	X - 	- 	X - - 	'J 1200 
Acetone X 	- 	- X 	- - X 	- 	- X 	- 	- 
Table 2-3a: The results of the brucine and dicarboxlic acids crystal lisations (D= Dissolved, yes: i, no: 
X; X-tal = crystal, no: X, yes: I with shape R=Rod, N= Needle, B= Block, T= Tablet and P = Plate). 
oxalic acid succinic acid malonic acid maleic acid 
Solvent Diss. j.tl X-tal Diss. .tl X-tal Diss. j.tl X-tal Diss l.tl  X-tal 
H20 -1 100 4, P I 100 -J 100 X i 1000 'I,B 
EtOH '.1 900 -'i,P 4 1200 i X - - X - - 
MeCN X- - - •- 	............................... - 	........ 
THF X - - X - - X - -. - - 
i-ProOH X - - X - - X - - X -. - 
Acetone X - - 4 300 -1 X - - X - - 
DMF 'J 50 i,P 'i 50 4, B 4 100 4 .I 450 4 
DMSO '.1 50 - 'J 50 'J 1 100 X '1 750 '1 
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Table 2-3b: The results of the brucine and dicarboxlic acids crystal lisations (D= Dissolved, yes: J, no: 
X; X-tal = crystal, no: X, yes: J with shape R=Rod, N= Needle, B= Block, T= Tablet and P = Plate). 
fumaric acid glutaricacid adipic acid pimelic acid 
Solvent Diss. j.tI X-tal Diss. 	l.tl  X-tal Diss. .tl X-tal Diss. il X-tal 
'120 .I 700 I, T I 50 X ' 50 X I 50 X 
EtOH X - -1 50 I ' 150 I ' 50 X 
MeCN X - - J 350 I X - - I 200 X 
THF X - - -I 250 I I 300 -I,P 4 100 ,B 
i-ProOH X - - 'I 50 I I 150 X 'J 50 'J 
Acetone X 700 i,i X - - I 250 J 
DMF 'I 450 X '.1 50 X 'I 50 x '.1 sø x 
DMSO -1 750 X 'J 50 X I 350 X 50 X 
The available dicarboxylic acids continue after suberic acid with azelaic acid 
and sebacic acid. Crystallisations were attempted with 1 but failed. For several 
crystals, oscillation and Weissenberg photograhs were taken to confirm their nature. 
Photographs were taken if the crystals were suspect, e.g. formed by rapid 
crystallisations or possibly not of diffraction quality. NMR was used very 
infrequently only if diffraction photographs were not conclusive and the contents 
needed to be confirmed. 
Table 2-4: The results of the brucine and suberic and oxamic acid crystal lisations (D= Dissolved, yes: 
'I, no: X; X-tal = crystal, no: X, yes: I with shape R=Rod, N= Needle, B= Block, T= Tablet, L = 
Lump and P = Plate). 
Suberic acid oxam!c acid 
Solvent Diss. Ml X-tal Diss. Ml X-tal 
H20 4 500 4 4 100 X 
EIOH 1 50 X I 400 I,L 
MeCN - - - X - - 
THF ' 50 'I 1000 X 
i-ProOH 'i 50 ' 400 -1 
Acetone ) 50 p X - - 
DMF \I 50 X 'J 50 X 
DMSO "i 50 X './ 50 X 
The eight different solvents were also used in the series of crystallisations of 
strychnine with the dicarboxylic acids. The unsuccessful co-crystallisation of 
strychnine with adipic acid is not tabulated. No suitable crystals were obtained after 
several different co-crystallisation attempts. 
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Table 2-5a: The results of the strychnine and dicarboxlic acids crystal lisations (D= Dissolved, yes: 
no: X; X-tal = crystal, no: X, yes: I with shape R=Rod, N= Needle, B= Block, T= Tablet and P = 
i'iate 
oxalic acid succinic acid malonic acid maleic acid 
Solvent D1SS. X-tal j.tl Diss. X-tal pd Diss. X-tal pA Diss. X-talpA 
1120 'I I 200 -1 X 100 I '.1 50 I - 50 
EIOH 'I J 400 / 4 450 -1 -1 600 -I X 200 
MeCN X X - X X - 1 350 \I X 600 
THF X X - 'J -.J 650 \I X - \I X 600 
i-ProOH X X - ' '1 1250 X X - \I X 900 
Acetone X X - X X - X X - \/ X 450 
DMF 'I X 350 'I 4 450 -I 4 250 '.J X 50 
DMSO I 4 50 "/ I 400 4 X 150 ' X 50 
Table 2-5b: The results of the strychnine and dicarboxlic acids crystallisations (D= Dissolved, yes: 
no: X; X-tal = crystal, no: X, yes: I with shape R=Rod, N= Needle, B= Block, 1= Tablet and P = 
1-'Iate). 
fumaric acid subaric acid glutaric acid pimelic acid 
Solvent Diss.X-tal pA Diss.X-tal pA Diss. X-tal pA Diss. X-tal pA 
H20 4 4 	1400 4 4 550 \I J 150 4 i 300 
EIOH X X - -I X 1550 I -.1 700 I I 750 
MeCN X X 	- - - - x x - - - - 
THF X X - -I X 1150 '1 -1 850 I 350 
i-ProOH X X 	- J 1200 1 'J 950 I '1 800 
Acetone X X - - - - x x - - - - 
DMF 'I - 	350 I 1 700 '1 -1 1050 -i X 300 
DMSO 'I I 300 4 4 750 -'1 -1 950 -.1 4 450 
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Chapter 3 
The Brucine Hydrate System 
3.1 INTRODUCTION 
Until recently only two solid state structures of hydrated brucine, the 
dihydrate and the tetrahydrate, were known. Of these the brucine tetrahydrate 
structure has been mentioned in the literature' but only the approximate unit cell with 
space group was given and as such it has never been fully described. The brucine 
dihydrate has not been structurally characterised 2, while the anhydrous form was 
previously unknown. In this chapter a full crystallographic account of the anhydrous, 
dihydrate and tetrahydrate brucine structures will be. given and the relations between 
the structures discussed. 
All three structures were obtained after testing the solubility of brucine in 
several solvents. A system of hydrates can be studied by a number of techniques. The 
X-ray crystallographic analysis is useful for obtaining the structures of the 
compounds involved, but gives no information on any phase change or loss of water. 
Temperature controlled X-ray powder diffraction, ThermoGravimetric Analysis 
(TGA), Differential Thermal Analysis (DTA) and Differential Scanning Calorimetry 
(DSC) are useful techniques for analysing the losses of water and phase changes. 
They were used to obtain a fuller picture of the brucine hydrate system. In 
combination, the techniques give information on the relationship between the 3 
structures and an indication of energies involved in phase changes, fusion and loss of 
water. 
The structural analysis of brucine salts is dominated by the protonation of the 
brucine molecule. However brucine is not protonated at N(2) in its hydrates and they 
are therefore rare examples of the structure of the brucine free base. The 
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unprotonated state of brucine provides a basis for describing the bond lengths of N(2) 
and other features shown by the protonated brucines. 
Not only is the molecular geometry of relevance but in addition the expected 
simplicity of the molecular packing will give a basis for further studies. This focuses 
only on the brucine packing while the geometry of the water molecules in the 
dihydrate and tetrahydrate are interesting enough in their own right. The water 
arrangements will be discussed on their own and in combination with the brucine 
packing to give an overview of the whole system. 
3.2 BRUCINE ANHYDROUS 
3.2.1 Crystal structure Determination 
The crystals were obtained after screening the solubility of 1 in several 
solvents. Crystals of sufficient quality were obtained from a supersaturated solution 
of brucine in acetonitrile. Anhydrous crystals could also be obtained from 
supersaturated solutions of commercial brucine in DMF, DMSO and acetone. The 
crystal picked was from a batch of colourless plates. The unit cell of the crystal was 
determined to be primitive monoclinic with a = 8.0570(16)A, b = 12.744(3)A, c = 
9.5010(l9)A, fl = 100.090 (V = 960.5(3) A3  ) from 24 reflections with 40 : ~ 20 :~ 44 
at T = 220.0 (2)K. 
A total of 2872 reflections were collected with 2216 reflections F 0 > 6a, 366 
reflections 2a < F0 <6a and 290 reflections F. <2cr ( mean < I/cs > = 18.50). The 
spacegroup was determined from the systematic absences in OkO, k= 2n + 1, 
reflections to be P2 1 . The 1E2-lI = 0.828 value is indecisive in confirming a non-
centrosymmetric structure. 
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Table 3-1: X-ray Crystallographic data for 2 
Empiricalformula C23H26N204 
Formula weight 394.46 
Crystal system Monoclinic 
Space group P2 1 









cryst. dim., mm 1.24 x 0.54 x 0.08 
0.759 
scan type c0-0 
scan width 1.2+ 0.35 tanO 
8range for data collection 4.73 to 60.16° 
Index range -9 !~ h 15; 8 
-14:~ k:!~ 13 
-9 !~ 1 :5 10 
refl. Measured 2872 
indep. refl. 2668 
no. ofparams ref. 265 
refl,F>2o-F 2263 
RI, F>2ci(F) 0.0691 
wR2, all data 0.2048 
Flack parameter -0.3(5) 
mm. and max el. dens., eA 3 0.313 and -0.359 
weighting scheme 0.01303 +1.0849 
extinction coefficient 0.0083(7) 
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For the solution and the refinement a total of 2668 independent reflections 
was used. The structure solution showed a single brucine per asymmetric unit 
(complete crystallographic data for 2 are given in Table 3-1). 
All non hydrogens were refined with anisotropic atomic displacement 
parameters. Hydrogens were placed in idealised positions and allowed to ride on the 
non hydrogen atoms to which they are attached with an isotropic thermal parameters 
1.2 (for hydrogens on sp' and sp 2  carbons) or 1.5 times (for hydrogens on hydroxyl 
groups, water molecules and sp 3  carbons, that of the atom attached. The two methyl 
groups C(22) and C(23) of each brucine were calculated to maximise the sum of 
electron density at the hydrogen positions. 
3.2.2 Molecular Geometry and Crystal Packing 
3.2.2.] Brucine 
The brucine shows no particularly unusual features. The nitrogen N(2), 
usually protonated, is not protonated. The unprotonated state of the brucine in 2 and 
in the di- and tetra-hydrate structures might act as a reference on which the bond 
lengths and (torsion) angles in all brucine structures can be projected. 
The methoxy ring angles show the in plane distortion of the relatively flexible 
methoxy groups. The methyl groups bent away from the ring with angles; 
0(3)-C(3)-C(2) 	123.3(5) 	 0(4)-C(4)-C(5) 	125.0(5) 
0(3)-C(3)-C(4) 115.6(5) 0(4)-C(4)-C(3) 114.9(5) 
The two corresponding torsion angles, indicating the in plane distortion, show the 
methoxy groups to lie within the plane of the aromatic ring. Although the 0(3)-C(22) 
methoxy-group angle is slightly twisted. 
C(22)-0(3)-C(3)-C(2) 	 -8.4(8) 
C(23)-0(4)-C(4)-C(5) 1.2(8) 
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N(2)-C(9) 	1.475(7) 	 3 
22 
18 
In the brucinium cation structures the bonds are longer and show the sequence N(2)-
C(9) <N(2)-C(15) N(2)-C( 10). 
Figure 3-1: Projection of 2 along a with parallel layers puckering along the b-axis. The spacing 
between the layers is c. 
3.2.2.2 Molecular packing 
The packing of molecules in the anhydrous crystal structure is particular 
significant because brucine has crystallised without any other forces disrupting the 
structure. This means that the molecular packing of 2 might be seen as the 
energetically most favoured state (see Figure 3-1). The discussion of the brucine 
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puckered layer may be regarded as the discussion of the 'ground state' of the brucine 
ribbon, a common feature in brucine crystals. 
The brucine anhydrous structure shows the typical puckered layer motif (see 
Figure 3-1). The brucine ribbon puckers along the screw-axis (b = 12.744(3)A), and 
the next brucine ribbon is down a = 8.0570(16)A creating the puckered layer. The b-
axis distance might be determined by the brucine tail of the adjacent layer trying to 
fit in the groove created by the layer puckering. The distance between the layers is 
equal to c = 9.5010(19)A. The basis of the analysis is the ah-plane, i.e. the brucine 
layer. This means that the next layer is slightly shifted up or down due to ( 
100.09°), instead of the brucine layer inclining. 
a bxc b axc c bxa 
LI 9060 8460 288° 151.2 0 6080 2880  
- 	 16.6° 928° 737° 9620 
Figure 3-2: Showing the unit cell, the crystal faces with their normals and the lines Li and Pt (-
°. 0483 Yo -0.2807z0) describing the brucinium position in the unit cell of 5. 
The puckering of the brucine layer can also be described by means of the 
angles of the brucines which each other and the unit cell (see Figure 3-2). The 
brucines make an angle of 122.4° which each other or an angle of 28.8 0 with the b-
axis (axe). The tilt of the molecule is the angle between the molecule (defined by 
P1) and the a-axis, i.e. 6.8°. The tilt and the angle between Li and axe are also 
reflected in the non-bonding interactions between the head and tail (see Figure 3-3). 
The aromatic brucine head is positioned between two brucine tails. The methoxy 
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groups on the head are placed against the C(IO)/ C(l 1) lobe on one side and against 
the C(13)I C(14) lobe on the other side with distances of around 3.5A (see Figure 3-
3). The here tabulated close contacts of the brucine are used as a starting point for 





0(3)-C(1O) 	3.372A C(3)-C(13) 3.857A 0(4)-C(1 I) 3.576A 
0(3)-C(I 1) 	3.666A C(3)-0(2) 3.466A O(4)-C(13) 3.547A 
O(3)-C(13) 	3333A C(4)-N(1) 3.741A 0(4)-C(14) 3.499A 
3,869A oN()3724A 
Figure 3-3: Depicting and giving the distances for 0(3), 0(4), C(3) and C(4) (not depicted are the 
given distances for C(3) and C(4)). 
3.2.3 Thermal Analysis 
Thermal analysis of 2 gives a clear determination of the melting point and the 
fusion enthalpy. The general DSC curve of 2 shows only the melting point (see 
Figure 3-4). The T f was recorded at 177.4(3) °C and after baseline correction the 
enthalpies and entropies were calculated for each of the five runs (see Figure 34) to 
give an average of 25.5(9) kJ mol' and 56.6(15) J mold K' respectively. The fusion 
enthalpy is calculated over the temperature range of 167 -180°C. The positive 




2 T(°C) L1H1(klmot ') 11S1('J maT' K') 
/ (7.9mg) 177.8 25.9 57.4 
2 (7.9mg) 177.6 25.6 56.9 
3 (7.8mg) 177.3 24.0 53.3 
4 (8.3mg) 177.4 .,.. 	 25.3 56.1 
5 (7.4mg) 176.9 26.6 59.1 
average 177.4(3) 25.5(9) 56.6(15) 
Figure 3-4: Showing an average DSC curve of 2 with the endothermic fusion peak at 177°C The 
observed Tf (°C), and the calculated zH f (kJ mor') and AS f (J mol' K') for 2 are given. 
3.2.4 Powder Diffraction Analysis 
Figure 3-5a shows the calculated powder plot of 2. The plot is calculated on 
basis of the single crystal X-ray diffraction data. Figure 3-5b shows the powder plot 
of 2 at RT between 5° :~ 20 :~ 300. The peak width is artificial and is presumably the 
cause of peaks 3a and 3b being fused to peak 3 in the observed powder plot. The 
preferred orientation of the powder, is presumably the reason for the difference 
between the calculated and the observed powder patterns. The plate face was in the 
(001) direction, meaning the anhydrous crystal was developed in the ab-plane, so 





5 	 10 	 20 	 30 
20-. 
1 2 3a 	3b 4 5 
9.44 11.71 13.13 	13.89 16.82 17.83 
34.74% 86.34% 100% 50.16% 9.62% 2.35% 
001 011 110 	020 021 120 
9.56 11.70 13.5 168 18.01 
47.3% 83.1% 48.4% 5.6% 17.9% 
6 7 	8 9 
18.96 20.20 	21.12 22.39 
1.50% 7.73% 9.56% 11.04% 
002 012 	121 200 
18.91 20.45 	21.01 22.16 
6.9% 17.0% 20.2% 100.0% 
lOa 	lOb 11 
22.75 	22.95 23.46 
55.94% 26.86% 37.22% 
-201 	031 210 
22.81 23.52 
14.1% 97.8% 
Figure 3-5: (a) the calculated diffraction pattern of 2 with 11 characteristic peaks, (b) the observed 
powder pattern for 2. The relative intensities, Miller indices and position in 20 of the peaks are 
tabulated in bold for (a) and in italics for (b) 
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3.3 BRUCINE DI-HYDRATE 
3.3.1 Crystal structure Determination 
Crystals were obtained from a supersaturated solution of 1 in wet 
tetrahydrofuran (THF). A clean sample of 3 was difficult to obtain. The sample was 
contaminated with big blocks, which turned opaque within hours, or with 2. A well 
formed crystalline needle was picked from a batch of colourless opaque blocks. The 
unit cell of the crystal was determined to be primitive monoclinic with a 
15.2283(14)A, b = 7.4569(9)A, c = 19.8582(21)A and 3 = 112.590(7)° (V = 
2082.0(4)A3 ) from 58 reflections with 40 :!9 20 :~ 44 and at T = 220 (2)K. 
6146 reflections were collected with 5098 reflections F0 > 6o, 590 reflections 
2cy < F0 < 6c and 458 reflections F 0 < 2 (1/a = 17.98). The spacegroup was 
determined from the systematic absences in the OkO, k= odd, region to be P2 1 . The 
E2- fl = 0.735 value indicates a normal non-centrosymmetric structure. 
For structure solution and refinement a total 3841 independent reflections was 
used. The structure solved to contain two brucines and 4 waters per asymmetric unit 
(all the crystallographic data for 3 are tabulated Table 3-2 
All non-hydrogen atoms were refined with anisotropic atomic displacement 
parameters. All hydrogens were found and refined with isotropic thermal parameters 
but later refined placed in idealised positions and allowed to ride on the non-
hydrogen atoms to which they are attached with the isotropic displacement 
parameters of 1.2 or 1.5 times that of the atom attached. The two methyl groups 
C(22) and C(23) of each brucine were calculated to maximise the sum of electron 
density at the hydrogen positions. The hydrogens on the water molecule were placed 
and restrained in the positions most likely to hydrogen bond. 
EI1 
Table 3-2: X-ray Crystallographic data for 3 
Empirical formula C23 H26N204 + 2.(H20) 
Formula weight 430.49 
Crystal system Monoclinic 
Space group P2 1 
Unit cell dimensions a = 15.2283(14)A 
b = 7.45 69(9)A 




v,A 3 2082.0(4) 
Z 4 
D,Mg/m 3 1.373 
F000 920 
temp, K 220.0(2) 
radiation Cu -Ka 
cryst. dim., mm 0.55 x 0.15 x 0.08 
mm  
scan type o-0 (with Learnt Profile 3) 
Orange for data collection 3.14 to 60.08° 
Index range - 17:5h 	15 
-8 :~ k :5 7 
-16:~ 1!~ 22 
refl. measured 6146 
indep. refl. 3841 
no. ofparams ref. 564 
refl,F>2cyF 3409 
R1,F>2o(F) 0.0371 
wR2, all data 0.0890 
Flack parameter 0.1(3) 
min. and max el. dens., e.4 3  0.172 and -0.163 
weighting scheme 0.0421 + 0.5695 
extinction coefficient 0.0022(2) 
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3.3.2 Molecular Geometry and Crystal Packing 
3.3.2.1 Brucine 
The two brucines are virtually isostructural. The relatively flexible methoxy 
groups show no changes from the normal. The methoxy ring angles indicating the in 









The four corresponding torsion angles show the methoxy groups to be slightly 
twisted with an angle of 5°-6° out of the plane of the aromatic ring 
C(22)-0(3)-C(3)-C(2) 	6.6(6) 	 C(22)-0(3 )-C(3)-C(2') 	-6.4(7) 
C(23)-0(4)-C(4)-C(5) 5.6(6) C(23)-0(4)-C(4)-C(5') 5.0(7) 
The three bond lengths around the N(2) have similar bond lengths: 
N(2)-C(15) 	 1.487(5) 	 N2'-C15' 	 1.477(6) 
N(2)-C(10) 1.493(6) N2-C10' 1.478(4) 
N(2)-C(9) 	 1.499(4) 	 N2-C9' 	 1.499(5) 
this supports the results found in 2. 
3.3.2.2 Molecular packing 
The molecular packing in 3 is completely different to the regular packing 
modes of brucine (see Figure 3-6). This structure cannot therefore be described in the 
usual terms. The main feature of this structure is the pillar of head to head orientated 
brucines related to each other by the screw axis (running parallel to b through the 
pillar and the aromatic heads of the brucines). The other brucine in the asymmetric 
unit has fallen against the pillar at an angle creating an s-shaped array. The s-shaped 
arrays are placed such that channels are created in which the water molecules are 
found. 
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Figure 3-6: The packing of 3 viewing down the b-axis. 
The water molecules are ordered in a tetramer. The proposed hydrogen 
bonding network is shown in Figure 3-7. Since there are numerous possibilities for the 
hydrogen bonding the nearest neighbours are given (see Figure 3-7). Each water 
molecule has 2 nearest neighbours at 2.8A and then has the possibility of a hydrogen 
bond to the brucine network. Only 0(1W) is not within 3A of the brucine network, 
but 0(1W) forms, with 0(3W) and 0(4W), a trimer with distances of 3.4A. 
Figure 3-7: Proposed hydrogen bonding network with angles and distances for 3 and the nearest 
water neighbours 
D-H. ..A dD ... A) <(DHA) 
0(lff9...0(3W 2.714(8) 141.3 
O(lW...Oq'3W#5 3.412(8) 2.97501'#4 





O(1' 3.513(8) 02W 	 '03W 
O'2W1 ... O(1W 2.801(6) 142.5 0143 
2801 
0(2H'...N(2)#2 2.780(4) 176.4 01W 	 3.414 
(fl3W ... O(1)#3 2.806(4) 154.5 ' 1412 	)04W#5 
• ()(3W)...O(4W 2.842(7) 159.4 
O(3I) ... O4J49#5 3.414(7) 1 - -°- 
O(4W) ... O(2119 2.823(6) 122.3 '•, 
O(4J39 ... O(3W 2.842(7) 123.6 •' 	 ', 	 - 	 - -0' 
O(419 ... O(1')#4 2.975(5) 125.2 
Symmetry transformations used to generate 
#1: x,y-1,z #2: -x,y+1/2.-z+1 
#3: -x, 1/2+y,  -z+2 #4: x,y+1,z 
#5: -x. -1/2+y. -z+2 
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3.3.3 Thermal Analysis 
The accurate thermal analysis of 3 was hindered by the purity of the sample 
after the crystallisations. Either large amounts of quickly deteriorating blocks (if wet 
THF was used) or 2 (if dry THF was used) were obtained as side products. The 
crystals were hand separated on basis of the crystal morphology, but impurity, 
although minimised, remained. This is reflected in the wide range in the values for 
the enthalpies and entropies, resulting from improperly established mass. The 
measured temperatures are not affected by the impurities. This results in a well 
established fusion temperature. The temperatures for the phase change and 
dehydration are thus reproducible. An indication of the energies involved can be 
obtained (see Figure 3-6). The DSC-curve of 3 clearly shows an endothermic peak at 
110°C for dehydration between 98°C to 123°C, an exothermic trough at 135°C for a 
phase change between 123°C and 150°C and an endothermic peak at 176.7°C for the 





50 	 100 	 150 	 200 
T(°C) 	P. 
3 AHh Th ASh T AH AS9 Tf AHf AS1 
1(7.3mg) 29.2 110.4 (118) 134.9 13.7 (34) 176.7 22.2 49.3 
2(4.6mg) 35.9 110.5 (135) 136.9 10.7 (27) 176.8 24.9 55.3 
3(39mg) 287 1099 (116) 1357 78 (19) 1764 238 529 
(31.3) 110.3(6) (123) 135.8(8) (11) (27) 176.5(2) 23.6(11) 52(2) 
Figure 3-8: The observed T (°C), and the calculated AH (kJ moF')and AS (J mor' K 1 ) for 2 are given 
for the fusion (f), the dehydration (h) and the phase change (p). 
3.3.4 Powder D iffraction Analysis 
The powder diffraction of 3 was also affected by the impurity of the sample 
but not as seriously as the DSC results as can be seen from Figure 3-9. The calculated 
powder pattern from the single crystal data closely resembles the measured powder 
pattern on the grounded crystals of 3. The powder diffraction pattern of 3 is also 
measured at 160°C (which after the dehydration is not influenced by the impurity) 




10 	 20 	 30 
20 -~ 
Figure 3-9: Powder diffraction pattern of 3, (a) calculated from the single crystal data, (b) measured at 
RT from grounded single crystals. 
10 	 20 	 30 
20 -+ 
1 	2 	3 	4 	5 	6 	7 	8 	9 	10 	11 
	
9.01 11.24 12.94 16.20 17.48 18.25 19.88 20.32 21.455 22.285 22.775 
45.9% 100% 56.7% 4.0% 16.3% 7.0% 7.2% 31.0% 35.0% 14.3% 23.4% 
Figure 3-10: The X-ray powder diffraction pattern of 3 after heating to 160°C with the relative 
intensities and position in 20 of the peaks. 
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3.4 BRUCINE TETRAHYDRATE 
3.4.1 Crystal structure Determination 
Full crystallisation was obtained from mostly undissolved 1 in water after 
three weeks and brucine tetrahydrate 4 was formed. The crystal picked was from a 
batch of well formed colourless prisms. The unit cell of the crystal was determined to 
be primitive orthorhombic with a = 7.550(2)A, b = 11.510(2)A, c = 26.520(5)A (V = 
23 04.6(8) A3  ) from 44 reflections with 40 :~ 20 !~ 45 at T = 220.0 (2)K. 
A total of 3353 reflections were collected with 3052 reflections F 0 > 6cy, 166 
reflections 2o <F 0 < 6c and 135 reflections F. <2cr (I/a = 48.50). The spacegroup 
was determined from the systematic absences in the OhO, h= odd, OkO, k= odd and 
010, 1= odd, region to be P2 1 2 1 2 1 . The 1E 2 -1I = 0.751 value indicates a normal non-
centro symmetric structure. 
For the structure solution and refinement a total of 1989 independent 
reflections was used. The structure solution showed a brucine and 4 waters per 
asymmetric unit (complete crystallographic data for 4 are given in Table 3-3). 
All non hydrogens were refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with an isotropic thermal 
parameters 1.2 or 1.5 times that of the atom attached. The two methyl groups C(22) 
and C(23) on the brucine were calculated to maximise the sum of electron density at 
the hydrogen positions. The hydrogens on the water molecules were located on the 
basis of possible hydrogen bonding and restrained. 
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Table 3-3: X-ray Crystallagraphic data for 4 
Empirical formula C2 3H26N204 + 4(H20) 
Formula weight 466.52 
Crystal system Orthorhombic 
Space group P2 1 2 1 2 1 
Unit cell dimensions a = 7.550(2)A 
b= 11.510(2)A 
c = 26.520(5)A 
V. A 23 04.6(8) 
Z 4 




cryst. dim., mm 0.78 x 0.45 x 0.4 
t, mm 1 0.845 
scan type o0-0 
scan width 0.8 + 0.35 tanO 
Orange for data collection 3.33 to 60.070 
Index range 4 :!~ h :!~ 8 
-12:!~ k:!~ 12 
0 :!5; 1 :5; 29 
refl. measured 3353 
indep. refl. 1989 
no. ofparams ref. 305 
refl,F>2crF 1886 
R1,F>2a(F) 0.0341 
wR2, all data 0.0822 
Flack parameter 0.0(3) 
mm. and max. el. dens., eA 3 0.242 and -0.155 
weighting scheme 0.0350 + 0.5464 
extinction coefficient 0.0063(4) 
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3.4.2 Molecular Geometry and Crystal Packing 
3.4.2.1 Brucine 
The brucine shows no particularly unusual features. The methoxy ring angles, 
indicating the in plane distortion, show the methyl groups to bent away from the ring 
with angles; 
0(3)-C(3)-C(2) 124.1(2) 	 0(4)-C(4)-C(5) 124.1(2) 
0(3)-C(3)-C(4) 115.0(2) 0(4)-C(4)-C(3) 115.8(2) 
The two corresponding torsion angles indicate that the methoxy groups are lying 
within the plane of the aromatic ring, although the 0(4)-C(23) methoxy-group angle 
is slightly twisted. 
C(22)-0(3)-C(3)-C(2) 	 0.6(4) 
C(23)-0(4)-C(4)-C(5) 7.1(4) 
The three bond lengths around the unprotonated N(2) fall within the range seen in 2 
and 3; 
23 
N(2)-C(1 5) 	1.474(3) 




the sequence of bond lengths being there N(2)-C(9) N(2)-C( 10) N(2)-C( 15). 
3.4.2.2 Molecular packing 
The packing of 4 is dominated by the puckered brucine layers. The layers are 
positioned such that channels are created (see Figure 3-11). The layers are, like 2, 
built up out of a screw axis and one brucine, but unlike 2 the next layer is not a unit 
cell repeat. Every second layer, with the same polarity, is the unit cell repeat. The 
next layer, with opposite polarity, is built up by the screw axis along c resulting in 
layer with the opposing direction. The puckering distance is equal to b = 11.51 0(2)A 
ED 
while the thickness of the ribbon is equal to a = 7.550(2)A. The extreme puckering 
angle results in the shorter a-axis, i.e. a smaller distance between ribbons. 
Figure 3-11: The packing of 4 with hydrogen bonds viewed down the a-axis, showing the puckering 
by the antiparallel layers created channels, which are occupied by water. 
The puckering of the brucines is described in Figure 3-12. The angle of 47.6 1 , 
which the brucine (indicated by the vector LI) makes with the b-axis, gives a clear 
idea of the degree of puckering in the brucine layer. The normal of the brucine plane 
through C(8), C(3) and C(4) the vector P1 is constructed in Figure 3-12b by mapping 
its angles with the respective unit cell edges. The vectors P1 and Li indicate that the 
brucine has the right side of its head lifted. The other method of monitoring this 
behaviour is looking at the head to tail interactions of the brucine which are shown 
and given in Figure 3-11. Looking at the distance between C(3), 0(3) and the 
brucines above and beneath it, an increase in distance is clearly noted with the 
exception of the distances to 0(2). The distances of C(4) and 0(4) have remained the 
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LI 
same as observed in other structures. This indicates that this side is stationary, while 
the other side of the brucine moves out of the brucine sandwich. Looking at Figure 3-
13 this means C(3) and 0(3) are not positioned in between 0(2) and C(1 O) / C(11) 
but the 0(4), C(4) combination stays in place. 
(a) 	 (b) 
a 	bxc 	b 	axc 	c 	bxa 
LI 	87 0 925 0 476 0 1324 0 13750 425° 
P1 174.90 	- 5.1 0 	85.0 0 	95.0 0 	88.9 0 	91.1° 
Figure 3-12: (a) Showing the unit cell, the crystal faces with their normals and the line Li 
describing the brucine position in the unit cell of 4. (b) constructing the normal of P1: P1 on basis of 
the angles with the unit cell edges (P1 = -0.0860 y° - 0.0197 z 0) and depicting U. 
O(3) -C(10) 4.806A 	C(3)-C(13) 4.917A O(4)-C(11) 	3.655A 
O(3)-C(1l) 4.763A C(3)-0(2) 4.044A O(4)-C(13) 3.974A 
0(3)-C(13) 4.094A 	C(4)-N(1) 3.610A 0(4)-C(14) 	3.411A 
0(3)-0(2) 3.495A C(4)-C(14) 4.114A 0(4)-N(1) 3.311A 
Figure 3-13: showing and giving the distances for 0(3), 0(4). C(3) and C(4) (not shown are the 
given distances for the C(3) and C(4). 
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The water arrangement in the structure shows a ribbon of edge sharing 
hexamers per channel (see Figure 3-14. The ribbons of hexamers are built up by 4 
waters and a screw-axis. The hexamers are in a boat arrangement with 0(1W) down, 
0(3W) up, 0(2W) down and 0(4W) up again. In the proposed hydrogen bonding 
network three of the waters are hydrogen bonded to the brucine layers in the form of 
0(1), N(2) and 0(2) while the 0(3W) only bonds to other waters. The distance 
between the waters is 2.8A. Only 0(2W) acts as double hydrogen bond acceptor from 
0(4W) and 0(3W). This then makes up for the eight hydrogen bond donor 
possibilities of the waters; 3 to the brucine and 5 between the waters 
D-H...A 	d(D...A) <(DHA) 
O(JW) ... O(1) 	2.813(3) 178.3 
O(JJI9 ... O(JW,J 2.793(3) 156.7 
(fl'2J47 ... N(2)#1 	2.788(3) 153.5 
O(2W) ... O(3W)#2 	2.739(3) 168.6 
O(3W) ... O(IW) 2.743(3) 171.3 
0(30',L.02W#3 	2.796(3) 174.9 
O(JW) ... O(2W) 2.787(3) 166.1 
0(4W)...0(2)#4 	2.909(3) 157 
Symmetry transformations used to generate 
equivalent atoms: 
-x+1,y-1/2.-z+1/2 
x+1,y.z 	#3: x-1/2,-y±1/2.-z 
#4: x+1,y+1/2.-z+1/2 
0(IW)#2 - 	O(ZW) .0(2)#4 




-- 	 0(1) 
O(3W) 
Figure 3-14: Proposed hydrogen bonding network with bonds (A) and angles (°) in 4. 
3.4.3 Thermal Analysis 
The TGA of 4 is shown in Figure 3-15(a). The tetrahydrate loses 15.45 % of 
its mass by converting from 4 to the anhydrous form. The corresponding DTA curve 
of 4 is shown in Figure 3-15(b). The TGA curve shows a kink, indicating 2 different 
regions in the dehydration of 4. The resulting derivative TGA curve (which is not 
shown) is similar to the DTA curve which also shows the fusion and the phase change 
peaks. The TGA derivative curve does not show these since no weight loss occurs 
C> 
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Figure 3-15: showing; (a) the TGA curve of 4 with the percentage weight loss on the y-axis, (b) the 
DTA curve of 4 
I 
DSC 	endo 
T(°C)-.. 150 	 200 
4 AH,  Th, T ThI Al-I,, 	T,, Tf AHf AS, 
1(8.4mg) 147.2 70.5 85.2 110.3 -25.3 129.6 176.4 25.7 57.2 
2(8.0mg) 134.2 70.3 86.9 110.5 -27.4 127.1 176.3 24.5 54.5 
3(7.8mg) 139.9 70.4 86.3 110.6 -27.8 128.4 176.5 25.8 57.4 
4(8.1mg) 142.2 70.3 87.6 110.1 -21.7 128.3 176.4 24.8 55.2 
5(8.7mg) 139.4 70.4 86.8 110.5 -25.6 126.0 176.3 24.8 55.2 
average 140.6 - - - -26.5(1) - 176.4(1) 25.1(5) 55.9(11) 
Figure 3-16: The observed DSC curve with T (°C), the calculated AH (kJ mol')and AS (Jmot 1 K- ') 
for 2 are given for the fusion (f), the dehydration (h) and the phase change (p). 
The DSC curve of 4 (see Figure 3-16) shows the same 3 regions as the DTA 
curve, but an extra peak occurs during the dehydration. The same curve is obtained 
by varying the heating rate, but a rate of 10°C min' was used after observing the 
behaviour of the sample at several other heating rates. The results of the 5 runs of the 
same sample are shown in Figure 3-16, giving the enthalpies, the entropies and 
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temperatures of peaks and troughs. The enthalpy of dehydration was calculated from 
60°C to 117.5°C, the enthalpy of phase change from 117.5°C to 155°C and the 
enthalpy of fusion from 167°C to 180°C. 
(a) 
(b) 
I 	 • 	 I 	 • 	 I 
10 20 30 
20 
Figure 3-17: Powder diffraction pattern of 4, (a) calculated from the single crystal data, (b) measured 
at RT from grounded single crystals. 
3.4.4 Powder D iffraction Analysis 
The powder diffraction pattern of 4 collected at RT is similar to the calculated 
diffraction pattern of 4 (see Figure 3-17). The observed pattern shows a wider variety 
of peaks than the calculated and this might be due to the effects mentioned in section 
2.2.4, but also to the quality of the sample and the grounding of the single crystals. 
The diffraction of 4 was also recorded at higher temperatures. The pattern of 4 at 160 
°C is shown in Figure 3-18 with the position and percentage intensity of eleven 
characteristic peaks. The patterns at intermediate temperatures are characterised by 
an amorphous phase resulting in a broad peak ranging from 10:Q0:! ~ 30. This broad 
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region might indicate a transition phase of the structure in which it undergoes the loss 
of water and the phase change. 
10 	 20 	 30 
20 
1 	.2 34 5 6 	7 8 9 10 	11 
9.40 11.65 13.37 16.635 17.93 18.73 	20.28 20.96 22.04 22.65 23.33 
64.6% 	100% 84.6% 7.9% 22.8% 11.5% 	9.5% 43.7% 60.3% 25.0% 	45.4 
Figure 3-18: The X-ray powder diffraction pattern of brucine tetrahydrate after heating to 160°C with 
the relative intensities and position in 28 of eleven peaks. 
3.5 DiscussioN 
The crystal packing of 2, 3 and 4 gives rise to a number of questions. Is 4 
going to 2 after dehydration by heating? Is 3 an intermediate transition state when 4 
is going to 2? Those questions are answered by the combination of powder 
diffraction and thermal analysis. Do the energies obtained from the thermal analysis 
give a better understanding of the system? Both 2 and 4 have the characteristic 
brucine packing of layers while 3 shows a different pattern. Is the water pattern of 
both 3 and 4 a normal pattern to be found in hydrates? If this is a normal packing 
does the hydrogen bonding of the water have an influence on the brucine packing? 
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3.5.1 Crystal Packing Analysis 
Firstly the structures and the influence of water on the crystal packings are 
discussed. The packing of 2 shows the brucine layering formed by one screw-axis 
resulting in parallel aligned brucine layers. The brucine layers in 4 are generated by 
three screw-axes resulting in anti-parallel aligned brucine layers. The major 
difference between 2 and 4 is the increased puckering of the layers in 4, indicated by 
the angle between the brucines of 122.4° for 2 and 84.8 for 4. This results not only in 
a smaller b cell dimension; 11.5050 : 12.744= 4 : 2, but also in a smaller a cell 
dimension; 7.5442 : 8.057 = 2 : 4. This may be caused by the movement of the bulk 
of the brucine (the tail) out of the layer in the c direction which results in an 
decreasing a cell dimension. The crystal packing of 3 shows a novel array of 
brucines. One of the reasons for the packing might be the that 3 is an intermediate 
between 2 and 4. However a more plausible explanation is given below. 
The main thing which needs to be considered .is what the driving force is in 3 
that has caused the brucine to pack in this fashion. There is no other strong force 
present besides the hydrogen bonding network. This results in the following two 
possibilities: 
• The brucine packing directs the water arrangement or 
• The water packing directs the brucine arrangement. 
The obvious preference of water to pack in certain arrangements 4 like a 
tetramer or a hexamer could be the driving force behind the brucine arrangement. 
The water motifs in 3 and 4 have been reported on their own and as combinations in 
countless hydrates 5 ' 6 ' 7 . The water arrangements and subsequent hydrogen bonding in 
tetramers and hexamers have been studied and reported as separate entities. The 
motifs have been established as energetically favourable arrangements with the 
hydrogen bonding energy as the main driving force in the formation . 8 ' 9 The hexamer 
arrangement of water is not only found in hydrates and reported as energetically 
favourable but Nature has given us several examples in the form of different ices 
with the main being Ice 'h and I. This is an ever stronger indication that the hexamer 
is a low energy arrangement of water. 
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In 4, brucine shows three atoms acting as a hydrogen bond acceptor; N(2), 
0(1) and 0(2). The water arranged in the hexamer ribbon donates 3 times. This is 
obtained with such an energy advantage that the brucine layer shows an increased 
puckering. In Figure 3-11 it can be seen that the brucine layer is ordered such that it 
accommodates the water layer to hydrogen bond to the two sides of the puckering. It 
could be concluded that the brucine layering is stretched to the limit to accommodate 
the water arrangement. 
In 3, brucine has the same 3 acceptors available but the two waters have fewer 
donors available. The water has itself arranged in a less common but still energetically 
favourable motif, while the brucines wrap around these motifs to hydrogen bond 
where possible. It be might concluded that because of the lack of waters or hydrogen 
bonding availability of the waters, brucine is forced to pack to accommodate that 
specific water arrangement. 
I 	 • 	 I 	 • 	 I 
10 20 30 
20  
1 	- 2 	 4 -- - 5 	6 	7 	8 	9 
001 011 110/020 021 	120 002 012 121 200 
9.56 11.70 13.5 16.8 
47.3% 83.1% 48.4% 5.6% 
9.40 11.65 13.37 16.635 
64.6% 100% 84.6% 7.9% 
9.01 11.24 12.94 1620 
45.9% 100% 56.7% 4.0% 
18.01 18.91 20.45 21.01 22.16 
17.9% 6.9% 17.0% 20.2% 100.0% 
17.93 18.73 20.28 20.96 22.04 
22.8% 11.5% 9.5% 43.7% 60.3% 
17.48 18.25 19.88 20.32 21.455 









Figure 3-19: Showing the Miller indices, the relative intensities and the position in 20 of eleven 
peaks in the diffraction patterns of (a) 2 with the eleven peaks tabulated in plane. (b) 3 at 160 °C 
with the eleven peaks tabulated in bold. (c) 4 at 160 °C tabulated in italics and (d) 4 after Sminutes 
at 90 °C. 
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3.5.2 Powder Diffraction Analysis 
Powder diffraction analysis was used to establish the system indicated by the 
thermal analysis. What kind of brucine do we have after the dehydration and phase 
change, is it 2 or an amorphous phase and is 3 an intermediate between 4 and 2? 
Figure 3-19 shows that the powder diffraction patterns of 2, 3 at 160°C and 4 at 
160°C are the same. This means that 3 and 4, after dehydration and phase change at 
160°C, have converted to crystalline 2. The fourth powder pattern is of 4 after 5 mm 
at 90°C showing a largely amorphous phase (not clearly seen because of pattern 
manipulation) with the 3 peaks around 10° in 20 showing up clearly. This indicates 
that 4 goes directly to 2 without having 3 as an intermediate. 
3.5.3 Thermal analysis 
3.5.3.1 Fusion 
The DSC curve of 2 gives a melting point at 177.4(3)°C with an enthalpy of 
25.5(9) kJ mol' and an entropy of 56.6 (15)J moF' K'. The endothermic fusion 
requires energy (the enthalpy) but gains in entropy by going from a ordered state to a 
less ordered state. The fusion temperatures of 2, 3 and 4 are 177.4(3), 176.6(2) and 
176.4(1) respectively, resulting in the literature fusion range of 176-178°C. The 
difference of 1°C between 2 and 3 / 4 can be explained by the fact that samples of 2 
consisted of single crystals while the samples of 3 and 4 were poly-crystalline. The 
enthalpy values are nearly equal 25.5(9) and 25.1(5) for 2 and 4 (the enthalpies and 
entropies of 3 are as explained unreliable, but the temperature measurements are not). 
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50 	 100 	 150 T (°C) 
Figure 3-20: Showing the DSC curves of 3 and 4. 
3.5.3.2 Dehydration and Phase Change 
In Figure 3-20 the DSC curves of 3 and 4 can be seen, showing the 
dehydration of 3 starting in the middle of the dehydration of 4, but finishing at the 
same temperature. At this temperature, following the dehydration the phase change 
starts. This indicates that both structures are at the same stage of dehydration at the 
same temperature in a non-ordered intermediate state. An exothermic phase change, 
characterised by the release of energy, then results in crystalline 2. The enthalpy AH 
of -27(2) kJ moF' results in an entropy loss AS of -64(5)J moi' K' for 4. In 3 the 
energies are much less defined but in general it can be concluded that with very 
approximate values for the enthalpy AH of -11 KJ mof' and the entropy AS loss of 
-19 J moF' T', due to the impurity of the sample, that the enthalpy and the entropy 
loss is less then in 4. This means that the transition after the dehydration is 
energetically less favourable for 3 than for 4, since, with the negative enthalpy 
change AHP,  less energy is given off and, with the negative entropy change AS p, less 
order is gained. 
Theoretically an energy of 21.4 kJ moF' per hydrogen bond' ° is assigned to a 
water system. Looking at 4 for the validation of the enthalpy we see agreement 
between the literature value and 141(4) kJ moU' for 4 which has 3 lesser hydrogen 
bonds to the brucine and only one water (0(2W)) which acts as double acceptor. 
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A standard entropy contribution of 42 Jmor' K' is theoretically assigned per 
addition of a water molecule to a structure at 298K." 2 With this 42 J moi' K' per 
water molecule as an estimate of the standard entropy gain AS ° of 160 J mor' K' can 
be established if the brucine packing remained immobile at 298K. Assuming that the 
change of polarity of a brucine layer, which effectively is the difference between 2 
and 4, has no influence on the entropy, the entropy change will be near this value. 
Since the dehydration of 4 shows a multistep pattern no entropy can be calculated 
since the separate enthalpies cannot be measured. 
The enthalpy of dehydration of 3 is 31 kJ mor', which is far less then 
expected from the literature values for the loss of waters but might explain 3 as a 
non-stable brucine sub-structure with a stable water sub-structure. Thus the entropy 
of hydration in 3 is also minimal. Although this might be expected since the entropy 
gain by water evaporation is cancelled by the entropy loss of the brucine by going 
from the disordered 3 to the ordered 4. This indicates that overall little energy 
changes are expected, which is reflected in the lower values for 3. 
3.5.4 Conclusions 
The following statements on the brucine hydrate system can be made 
• Both 3 and 4 under heating after dehydration and a phase change convert to 2. 
• 2 and 4 have brucine layers, with 4 showing extreme puckering. 
• The water arrangements in 3 and 4 are the cause of the brucine packing. 
• The enthalpy change of the dehydration of 4 is comparable with the literature 
value. 
• If the enthalpy of 4 is comparable with the literature value the entropy change 
going from 2 to 4 can be calculated to be 160 J mol' K' if the change of polarity 
of the brucine layer gives no change in entropy. 
• Because of the strain in 3 caused by brucine which is not packed in the preferred 
puckered layers, the enthalpy and entropy changes for 3 are minimal. 
Table 3-4: Atomic co-ordinates [x 10 -4] and equivalent isotropic displacement parameters [A2 x103 ] for 
2 
x y z U(eq) x y z U(eq) 
C(1) 1657(7) 513(4) -416(6) 31(1) C(16) 4350(8) -1674(5) 4180(7) 43(2) 
C(2) 1312(7) 1027(4) -1705(6) 34(1) C(17) 3848(9) -2660(5) 4217(7) 46(2) 
C(3) 1468(7) 2122(5) -1672(6) 32(1) C(l8) 3893(10) -3435(5) 3040(7) 53(2) 
C(4) 1942(7) 2662(4) -374(6) 30(I) C(19) 3590(8) -2452(5) 847(7) 38(1) 
C(5) 2249(7) 2117(5) 898(6) 34(1) C(20) 2369(9) -2421(5) -572(6) 42(2) 
C(6) 2102(7) 1033(4) 876(6) 31(1) C(21) 1684(8) -1363(4) -1162(6) 36(I) 
C(7) 2218(7) 280(4) 2119(6) 29(1) C(22) 872(8) 2223(5) -4229(6) 40(2) 
C(8) 2259(7) -811(4) 1378(6) 30(l) C(23) 2613(9) 4312(5) 784(6) 43(2) 
C(9) 3702(7) 445(4) 3384(6) 36(1)  1626(6) -589(4) -156(5) 33(1) 
C(I0) 1307(8) -250(5) 4272(7) 39(1)  3111(7) 36(4) 4662(5) 39(1) 
C(I 1) 715(7) 361(4) 2898(6) 34(1) 0(1) 1251(6) -1217(3) -2428(4) 49(1) 
 5346(8) -40(5) 3163(7) 44(2) 0(2) 2827(5) -3138(3) 1739(5) 43(1) 
 5060(7) -1232(5) 2947(7) 41(1) 0(3) 1154(5) 2736(3) -2871(4) 36(1) 
 3933(7) -1347(4) 1481(6) 35(1) 0(4) 2079(5) 3726(3) -503(4) 40(1) 
 4120(9) -879(5) 5320(7) 47(2) 
Table 3-5: Bond lengths [A] for the Brucinium ions in 2, 3 and 4 
2 3 3' 4 
N(1)-C(21) 1.381(7) 1.372(4) 1.351(4) 1.357(3) 
N(1 )-C( 1) 1.427(7) 1.418(4) 1.421(4) 1.423(3) 
N(1)-C(8) 1.485(7) 1.485(4) 1.488(4) 1.493(3) 
N(2)-C(10) 1.481(8) 1.487(5) 1.477(6) 1.486(3) 
N(2)-C(15) 1.494(7) 1.493(6) 1.478(4) 1.474(3) 
N(2)-C(9) 1.475(7) 1.499(4) 1.499(5) 1.504(3) 
0(1)-C(21) 1.206(7) 1.216(4) 1.232(4) 1.233(3) 
0(2)-C(18) 1.427(8) 1.432(5) 1.429(5) 1.437(3) 
0(2)-C(19) 1.429(8) 1.432(4) 1.435(4) 1.436(3) 
0(3)-C(3) 1.368(6) 1.358(4) 1.372(4) 1.372(3) 
0(3)-C(22) 1.429(7) 1.431(4) 1.410(4) 1.429(3) 
0(4)-C(4) 1.368(7) 1.359(4) 1.369(4) 1.375(3) 
0(4)-C(23) 1.433(7) 1.430(4) 1.424(4) 1.427(3) 
C( I )-C(6) 1.386(8) 1.380(4) 1.374(4) 1.376(4) 
C(1)-C(2) 1.373(8) 1.398(5) 1.394(4) 1.394(3) 
C(2)-C(3) 1.402(8) 1.376(5) 1.388(4) 1.391(4) 
C(3)-C(4) 1.405(8) 1.418(5) 1.403(4) 1.401(4) 
C(4)-C(5) 1.378(8) 1.388(5) 1.378(4) 1.387(4) 
C(5)-C(6) 1.385(8) 1.394(5) 1.399(4) 1.388(4) 
C(6)-C(7) 1.512(7) 1.513(5) 1.510(4) 1.510(3) 
C(7)-C(I 1) 1.529(7) 1.537(5) 1.525(6) 1.542(3) 
C(7)-C(9) 1.554(8) 1.554(5) 1.544(5) 1.540(3) 
C(7)-C(8) 1.561(7) 1.557(5) 1.559(4) 1.559(4) 
C(8)-C(14) 1.500(8) 1.521(6) 1.524(6) 1.533(3) 
C(9)-C( 12) 1.509(9) 1.506(6) 1.516(6) 1.525(4) 
C(10)-C(1 1) 1.523(8) 1.520(5) 1.530(5) 1.514(3) 
C(12)-C(13) 1.546(9) 1.528(5) 1.532(4) 1.535(4) 
C(13)-C(16) 1.501(9) 1.524(5) 1.519(5) 1.526(3) 
C(13)-C(14) 1.530(8) 1.532(5) 1.534(5) 1.528(3) 
C(14)-C(19) 1.538(8) 1.540(5) 1.535(4) 1.525(4) 
C(15)-C(16) 1.518(9) 1.499(5) 1.512(5) 1.508(4) 
C( I 6)-C( 17) 1.323(9) 1.321(5) 1.321(4) 1.328(4) 
C( I 7)-C( 18) 1.497(9) 1.496(5) 1.502(5) 1.498(4) 
C(19)-C(20) 1.524(8) 1.539(6) 1.554(5) 1.539(4) 
C(20)-C(21) 1.526(8) 1.516(6) 1.507(5) 1.508(4) 
Table 3-6: Bond angles [O]  for the brucinium ions in 2 
2 3 3' 4 
C(2 I )-N(1 )-C(l) 125.5(5) 123.7(3) 126.8(3) 125.9(2) 
C(21)-N(1)-C(8) 119.8(5) 119.8(3) 119.0(3) 119.0(2) 
C(1)-N(1)-C(8) 110.1(4) 108.8(2) 109.0(2) 109.2(2) 
C(10)-N(2)-C(15) 110.5(5) 110.6(3) 112.6(3) 111.9(2) 
C(9)-N(2)-C(15) 113.0(5) 108.6(3) 108.4(3) 112.9(2) 
C(9)-N(2)-C(10) 109.0(5) 112.7(3) 113.5(3) 107.56(18) 
C(18)-0(2)-C(19) 114.8(5) 114.1(3) 114.6(3) 114.3(2) 
C(3)-0(3)-C(22) 117.8(4) 117.3(3) 118.0(2) 117.3(2) 
C(4)-0(4)-C(23) 117.2(4) 117.1(3) 116.9(2) 116.2(2) 
C(2)-C( I )-C(6) 122.8(5) 121.1(3) 122.4(3) 122.0(3) 
C(6)-C(1)-N(1) 109.1(5) 110.7(3) 110.4(3) 110.2(2) 
C(2)-C( 1 )-N(1) 128.1(5) 128.2(3) 127.1(3) 127.8(2) 
C(1)-C(2)-C(3) 116.8(5) 118.8(3) 116.9(3) 117.5(2) 
0(3)-C(3)-C(2) 123.3(5) 124.2(3) 123.1(3) 124.1(2) 
0(3)-C(3)-C(4) 115.6(5) 115.2(3) 115.4(3) 115.0(2) 
C(2)-C(3)-C(4) 121.1(5) 120.6(3) 121.5(3) 120.9(2) 
0(4)-C(4)-C(5) 125.0(5) 125.1(3) 125.1(3) 124.1(2) 
0(4)-C(4)-C(3) 114.9(5) 115.1(3) 114.7(3) 115.8(2) 
C(5)-C(4)-C(3) 120.2(5) 119.7(3) 120.2(3) 120.1(3) 
C(4)-C(5)-C(6) 119.2(5) 119.4(3) 118.9(3) 119.0(3) 
C(5)-C(6)-C(1) 119.9(5) 120.3(3) 120.0(3) 120.2(2) 
C(1 )-C(6)-C(7) 111.0(5) 110.4(3) 110.7(3) 111.1(2) 
C(5)-C(6)-C(7) 128.9(5) 129.0(3) 129.2(3) 128.5(2) 
C(6)-C(7)-C(1 1) 112.9(4) 110.9(3) 112.8(3) 116.9(2) 
C(6)-C(7)-C(9) 116.9(4) 117.3(3) 116.9(3) 111.7(2) 
C(1 1)-C(7)-C(9) 100.6(4) 101.4(3) 101.2(3) 100.53(19) 
C(6)-C(7)-C(8) 102.5(4) 102.1(2) 102.4(2) 102.4(2) 
C(1 1)-C(7)-C(8) 111.0(4) 111.6(3) 110.3(3) 110.8(2) 
C(9)-C(7)-C(8) 113.3(5) 113.9(3) 113.5(3) 114.7(2) 
N( 1)-C(8)-C( 14) 107.5(4) 107.3(3) 105.7(3) 106.0(2) 
N(1)-C(8)-C(7) 104.0(4) 105.2(3) 104.5(2) 104.8(2) 
C( 14)-C(8)-C(7) 117.8(5) 117.2(3) 117.1(3) 116.3(2) 
N(2)-C(9)-C( 12) 112.8(5) 111.7(3) 112.1(3) 111.4(2) 
N(2)-C(9)-C(7) 105.9(5) 105.2(3) 105.6(3) 106.3(2) 
C(12)-C(9)-C(7) 114.3(5) 114.9(3) 114.7(3) 114.7(2) 
N(2)-C( I 0)-C(1 I) 103.6(4) 104.6(3) 104.5(3) 105.0(2) 
C(10)-C(1 1)-C(7) 103.0(4) 102.9(3) 103.2(3) 103.3(2) 
C(9)-C(12)-C(13) 107.9(5) 108.8(3) 108.3(3) 108.2(2) 
C(16)-C(13)-C(14) 115.3(5) 114.0(3) 114.8(3) 114.1(2) 
C(16)-C(13)-C(12) 109.4(5) 109.8(3) 109.6(3) 109.3(2) 
C(14)-C(13)-C(12) 105.4(5) 105.9(3) 106.4(3) 106.5(2) 
C(8)-C(14)-C(13) 113.5(5) 113.0(3) 113.1(3) 113.7(2) 
C(8)-C(14)-C(19) 107.1(5) 108.2(3) 108.2(3) 107.8(2) 
C(13)-C(14)-C(19) 118.8(5) 118.1(3) 118.8(3) 118.7(2) 
N(2)-C(15)-C(16) 110.3(5) 111.4(3) 111.9(3) 112.1(2) 
C(17)-C(16)-C(1 5) 122.6(6) 123.9(3) 123.4(3) 123.2(2) 
C(I7)-C(16)-C(13) 122.5(6) 122.4(3) 121.6(3) 122.6(3) 
C(13)-C(16)-C(15) 114.7(5) 113.7(3) 114.9(3) 114.0(2) 
C(16)-C(17)-C(18) 124.0(7) 123.4(3) 121.3(3) 123.2(2) 
0(2)-C(18)C(I7) 112.5(5) 112.0(4) 111.4(3) 112.0(2) 
0(2)-C(19)-C(20) 105.2(5) 104.5(3) 102.8(3) 105.5(2) 
0(2)-C(19)-C(14) 113.2(5) 114.3(3) 115.1(3) 114.7(2) 
C(20)-C(19)-C(14) 111.5(5) 109.6(3) 109.9(3) 109.9(2) 
C(19)-C(20)-C(21) 118.9(5) 117.8(3) 115.9(3) 117.4(2) 
0(I)-C(21)-N(I) 122.7(5) 123.7(4) 123.2(3) 122.8(3) 
0(1 )-C(2 I )-C(20) 121.7(5) 121.5(3) 122.7(3) 120.9(3) 
N(I)-C(21)-C(20) 115.5(5) 114.9(3) 114.1(3) 116.3(2) 
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Table 3-7: Anisotropic displacement parameters [A2 x 10 3] for 2. 
U11 U22 U33 U23 U13 1J12 WI U22 U33 U23 U13 1J12 
C(I) 44(3) 19(3) 30(3) -1(2) 5(2) -3(2) C(16) 45(4) 24(3) 55(4) 2(3) -5(3) 7(3) 
C(2) 42(3) 23(3) 35(3) -6(2) 5(2) -3(2) C(17) 60(4) 28(4) 45(4) 3(3) -5(3) 7(3) 
C(3) 32(3) 29(3) 32(3) 2(2) 2(2) 1(2) C(18) 76(5) 16(3) 61(4) 0(3) -7(3) 5(3) 
C(4) 38(3) 12(3) 40(3) 1(2) 5(2) 0(2) C(19) 43(3) 21(3) 50(4) -7(3) 7(3) 2(3) 
C(5) 43(3) 28(3) 30(3) -7(2) 4(2) 1(2) C(20) 59(4) 16(3) 49(4) -7(3) 0(3) 2(3) 
C(6) 37(3) 21(3) 30(3) 4(2) 0(2) -1(2) C(21) 60(4) 17(3) 33(3) -8(2) 16(3) -9(3) 
C(7) 44(3) 13(3) 28(3) -3(2) 4(2) 0(2) C(22) 55(4) 33(3) 31(3) 2(3) 5(3) 10(3) 
C(8) 4 1(3) 17(3) 32(3) -8(2) 1(2) -6(2) C(23) 65(4) 18(3) 44(3) -8(3) 3(3) -8(3) 
C(9) 51(3) 18(3) 35(3) 4(2) 1(3) -5(3)  50(3) 11(2) 37(3) -3(2) 6(2) -1(2) 
C(l0) 50(4) 24(3) 43(3) -1(2) 8(3) 0(2)  62(3) 19(2) 32(2) 2(2) 0(2) 5(2) 
C(l1) 49(3) 20(3) 32(3) -3(2) 5(2) 1(2) 0(1) 86(4) 24(2) 36(2) -7(2) 10(2) -1(2) 
C(12) 54(4) 31(3) 44(4) -5(3) -2(3) -11(3) 0(2) 55(3) 15(2) 57(3) 0(2) 0(2) 2(2) 
C(13) 30(3) 27(3) 62(4) -6(3) -2(3) 3(3) 0(3) 53(2) 21(2) 30(2) 3(2) -1(2) 1(2) 
C(14) 42(3) 16(3) 46(3) -5(2) 7(2) 0(2) 0(4) 61(3) 12(2) 44(2) 4(2) 2(2) -1(2) 
C(15) 62(4) 26(3) 44(3) 7(3) -14(3) 2(3) 
Table 3-8: Atomic co-ordinates [x10 4] and equivalent isotropic displacement parameters [A 2X iO for 
3 
x y z U(eq) x y z U(eq) 
 1951(2) -607(5) 4279(1) 26(1) 0(3) 3465(1) 2048(5) 8839(1) 34(1) 
 -855(2) 1434(5) 2519(2) 31(1) 0(4') 5283(2) 2117(5) 9287(1) 37(1) 
0(1) 3466(2) -721(5) 5136(1) 39(1)  3754(2) 2017(5) 11401(1) 26(1) 
0(2) 1103(2) 3391(5) 5034(1) 39(1)  6879(2) 2135(5) 12990(1) 29(1) 
0(3) 3479(2) -5077(4) 3246(1) 40(1) C(r) 4056(2) 2099(6) 10808(2) 26(1) 
0(4) 2177(2) 4499(4) 1978(1) 38(1) C(2') 3482(2) 2076(6) 10066(2) 27(1) 
C(1) 2075(2) -1721(5) 3744(2) 24(1) C(3') 3941(2) 2084(6) 9583(2) 28(l) 
C(2) 2796(2) -2972(6) 3834(2) 27(1) C(4') 4936(2) 2129(6) 9829(2) 27(1) 
C(3) 2800(2) -3879(6) 3232(2) 28(1) C(5') 5484(2) 2172(6) 10565(2) 28(1) 
C(4) 2076(2) -3577(6) 2535(2) 27(1) C(6') 5032(2) 2157(6) 11060(2) 27(1) 
C(5) 1342(2) -2391(6) 2462(2) 26(1) C(7') 5460(2) 2302(6) 11881(2) 26(1) 
C(6) 1349(2) -1458(5) 3072(2) 23(1) C(8') 4603(2) 1824(5) 12092(2) 23(1) 
C(7) 590(2) -259(6) 3147(2) 26(1) C(9') 6357(2) 1169(6) 12287(2) 31(1) 
C(8) 1110(2) 560(6) 3920(2) 24(1) C(21') 2899(2) 1450(6) 11378(2) 30(1) 
C(9) 130(2) 1159(6) 2540(2) 27(l) C(15') 6953(2) 1095(6) 13643(2) 30(1) 
C(10) -1037(2) 70(6) 2996(2) 33(1) C(12') 6162(3) -772(6) 12409(2) 30(I) 
C(1 1) -284(2) -1360(6) 3102(2) 31(1) C(16) 6016(2) 237(6) 13558(2) 28(1) 
C(12) 667(2) 2900(6) 2645(2) 28(1) C(18') 4656(2) -363(7) 13905(2) 39(1) 
C(13) 773(2) 3701(6) 3381(2) 27(1) C(20') 2888(2) 975(7) 12112(2) 35(I) 
C(14) 1469(2) 2475(6) 3960(2) 27(1) C(14') 4560(2) -83(6) 12355(2) 26(1) 
C(15) -1006(2) 3281(6) 2744(2) 35(1) C(13') 5536(2) -809(6) 12855(2) 29(l) 
C(16) -200(2) 3850(6) 3427(2) 31(1) C(I 1') 5822(3) 4183(6) 12146(2) 32(I) 
C(17) -308(3) 4398(6) 4023(2) 37(I) C(10') 6427(3) 3904(6) 12956(2) 35(1) 
C(18) 506(3) 4897(7) 4710(2) 45(1) C(19') 3732(2) -192(6) 12612(2) 32(1) 
C(19) 1835(2) 3087(6) 4762(2) 30(1) C(17') 5617(2) 420(6) 14039(2) 30(1) 
C(20) 2457(3) 1603(7) 5256(2) 38(1) C(22') 2470(2) 1815(8) 8560(2) 43(I) 
C(21) 2686(2) -17(6) 4892(2) 29(l) C(23') 6288(2) 2003(7) 9506(2) 37(1) 
C(22) 4177(3) -5550(7) 3946(2) 43(I) 0(1W) 738(3) 3685(8) 9239(2) 113(2) 
C(23) 1520(3) 4097(7) 1256(2) 48(1) 0(2W) 1892(2) 6297(7) 8978(I) 75(1) 
0(1') 2188(2) 1345(5) 10808(I) 41(1) 0(3W) -251(2) 6537(9) 9427(2) 124(2) 
0(2') 3924(2) 541(4) 13323(1) 34(1) 0(4W) 1118(3) 9188(7) 9486(2) 96(2) 
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Table 3-9: Anisotropic displacement parameters [A2 x ioi for 3. 
Ull U22 U33 U23 U13 U12 liii U22 U33 U23 U13 U12 
 23(1) 29(2) 23(l) 0(2) 6(1) 2(2) 0(3) 26(1) 53(2) 21(1) -1(2) 5(I) 4(2) 
 23(1) 33(2) 35(2) 4(2) 8(1) 5(2) 0(4') 29(1) 60(2) 23(1) 4(2) 11(1) 3(2) 
0(1) 27(1) 47(2) 34(1) -2(2) 2(I) 8(2) N(P) 19(I) 33(2) 24(1) -2(2) 8(1) 0(2) 
0(2) 42(1) 43(2) 35(1) 3(2) 19(1) 8(2) N(2) 26(2) 39(2) 22(1) 0(2) 7(1) -8(2) 
0(3) 33(1) 44(2) 39(l) -5(2) 11(1) 13(2) C(P) 27(2) 28(2) 25(2) 0(2) 12(l) 0(2) 
0(4) 41(1) 43(2) 30(1) -6(2) 14(1) 7(2) C(2') 23(2) 30(2) 26(2) 1(2) 7(1) -2(2) 
C(1) 21(2) 22(2) 29(2) 4(2) 10(2) 1(2) C(3) 30(2) 29(2) 21(2) -1(2) 7(I) 2(2) 
C(2) 20(2) 29(2) 29(2) 4(2) 6(1) -1(2) C(4') 29(2) 29(2) 24(2) 1(2) 13(l) 0(2) 
C(3) 23(2) 27(2) 34(2) 0(2) 12(2) 2(2) C(5') 21(2) 34(3) 29(2) -1(2) 8(1) -3(2) 
C(4) 30(2) 25(2) 29(2) -5(2) 14(2) -5(2) C(6') 25(2) 29(2) 26(2) 0(2) 8(I) -6(2) 
C(S) 24(2) 26(2) 25(2) 3(2) 6(1) -3(2) C(7') 21(2) 32(3) 23(2) -1(2) 8(1) -3(2) 
C(6) 21(2) 18(2) 32(2) 4(2) 10(2) .2(2) C(8') 22(2) 23(2) 22(2) -1(2) 8(I) -2(2) 
C(7) 19(2) 27(2) 28(2) 3(2) 6(1) 1(2) C(9') 24(2) 45(3) 22(2) -3(2) 8(I) -2(2) 
C(8) 20(2) 28(2) 26(2) 0(2) 10(1) 2(2) C(21) 22(2) 37(3) 32(2) -3(2) 11(2) -1(2) 
C(9) 23(2) 27(2) 26(2) 5(2) 6(1) 3(2) C(15') 28(2) 38(3) 20(2) 5(2) 4(1) -1(2) 
C(10) 23(2) 32(3) 40(2) 2(2) 9(2) 4(2) C(12') 30(2) 34(3) 28(2) -6(2) 12(2) 3(2) 
C(11) 22(2) 28(2) 38(2) 5(2) 7(2) -1(2) C(16') 30(2) 30(2) 23(2) 5(2) 9(1) 0(2) 
C(12) 29(2) 27(2) 29(2) 6(2) 11(2) 1(2) C(18') 36(2) 53(3) 29(2) 4(2) 15(2) -7(2) 
C(13) 25(2) 22(2) 35(2) 1(2) 14(2) -2(2) C(20') 27(2) 47(3) 36(2) 4(2) 17(2) 4(2) 
C(14) 23(2) 30(3) 29(2) -1(2) 11(2) -2(2) C(14') 26(2) 29(2) 22(2) -6(2) 9(1) -6(2) 
C(15) 27(2) 34(3) 46(2) 10(2) 16(2) 7(2) C(13') 32(2) 29(2) 28(2) -1(2) 13(2) 0(2) 
C(16) 29(2) 22(2) 41(2) 5(2) 13(2) 1(2) C(11) 29(2) 34(3) 29(2) 6(2) 9(2) -7(2) 
C(17) 32(2) 37(3) 46(2) 5(2) 21(2) 7(2) C(10') 38(2) 35(3) 30(2) -6(2) 11(2) -9(2) 
C(18) 48(2) 40(3) 48(2) 4(2) 21(2) 12(2) C(19') 34(2) 35(3) 28(2) -2(2) 14(2) -5(2) 
C(19) 33(2) 29(3) 31(2) 2(2) 14(2) -1(2) C(17) 33(2) 33(3) 22(2) 3(2) 9(2) 0(2) 
C(20) 37(2) 40(3) 31(2) -6(2) 5(2) 0(2) C(22') 29(2) 66(4) 27(2) -6(3) 2(2) -5(2) 
C(21) 28(2) 32(3) 27(2) 1(2) 10(2) 4(2) C(23') 30(2) 52(3) 32(2) 1(2) 14(2) 2(2) 
C(22) 33(2) 42(3) 44(2) -6(2) 2(2) 13(2) 0(1W) 147(4) 86(4) 131(3) 34(3) 78(3) 18(4) 
C(23) 58(2) 51(3) 30(2) -7(2) 11(2) 5(3) 0(2W) 52(2) 115(4) 46(2) -11(2) 7(1) -1(2) 
0(1') 22(1) 68(2) 29(1) 0(2) 6(I) -1(2) 0(3W) 50(2) 150(6) 171(4) 25(5) 42(2) 3(3) 
0(2') 33(1) 45(2) 28(1) 0(1) 13(1) -1(2) 0(4W) 99(3) 107(4) 90(3) -19(3) 44(2) -13(3) 
Table 3-10: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A2 x103 ] 
for 4 
x y z U(eq) x y z U(eq) 
C(1) 1928(3) 3638(2) 2583(1) 26(1) C(18) 3066(4) 447(3) 4408(1) 44(1) 
C(2) 1957(3) 3857(3) 2066(1) 29(1) C(19) 3541(3) 905(3) 3530(1) 32(1) 
C(3) 2080(3) 5010(3) 1912(1) 28(l) C(20) 2762(4) 558(3) 3015(1) 37(1) 
C(4) 2224(3) 5909(2) 2266(1) 27(I) C(21) 2433(3) 1517(3) 2639(1) 31(I) 
C(5) 2108(3) 5667(2) 2778(1) 29(1) C(22) 1909(4) 4480(3) 1042(1) 41(1) 
C(6) 1940(3) 4521(2) 2932(1) 25(1) C(23) 2772(4) 7911(3) 2426(1) 37(1) 
C(7) 1612(3) 4058(3) 3457(1) 26(1) N(1) 1845(3) 2541(2) 2829(1) 27(1) 
C(8) 1879(3) 2724(2) 3386(1) 25(1) N(2) 1596(3) 4489(2) 4356(1) 30(1) 
C(9) 2704(3) 4600(3) 3887(1) 28(1) 0(1) 2680(3) 1358(2) 2185(1) 43(1) 
C(I0) -193(3) 4089(3) 4200(1) 32(1) 0(2) 2423(2) 362(2) 3899(1) 37(1) 
C(l I) -283(3) 4328(3) 3639(1) 30(1) 0(3) 2070(2) 5362(2) 1418(1) 34(1) 
 4536(3) 4068(3) 3961(1) 30(1) 0(4) 2449(2) 7005(2) 2070(1) 32(1) 
 4304(3) 2763(3) 4062(1) 29(1) 0(1W) 4268(3) 1860(2) 1250(1) 54(I) 
 3647(3) 2225(2) 3570(I) 26(1) 0(2W) 9105(3) 1802(2) 404(l) 48(1) 
 2392(4) 3715(3) 4736(1) 36(1) 0(3W) 2716(3) 1679(2) 318(1) 59(1) 
 3050(3) 2596(3) 4507(1) 31(1) 0(4W) 7639(3) 2859(2) 1252(1) 55(l) 
 2499(4) 1555(3) 4656(1) 37(1) 
63 
Table 3-11: Anisotropic displacement parameters [A2 x iO3 ] for 4. 
Ull U22 U33 U23 U13 U12 Ull  
C(1) 25(1) 26(1) 29(1) 2(1) 0(1) -2(1) 
C(2) 30(1) 32(2) 25(I) -2(1) 1(1) 3(1) C(18) 57(2) 
C(3) 25(1) 35(2) 24(1) 4(1) 1(1) 1(1) C(19) 30(I) 
C(4) 28(1) 24(1) 29(1) 5(1) 1(I) 0(1) C(20) 43(1) 
C(5) 31(1) 27(2) 28(1) 0(I) 3(1) 1(1) C(21) 31(I) 
C(6) 25(1) 28(2) 23(1) -1(1) 1(1) 0(1) C(22) 52(2) 
C(7) 29(1) 25(1) 24(1) 2(1) 3(1) 2(I) C(23) 47(2) 
C(8) 25(1) 26(2) 23(1) -1(1) 0(1) 1(1) N(1) 32(1) 
C(9) 29(1) 28(2) 25(l) -2(1) 3(1) 1(1) N(2) 34(1) 
C(10) 30(1) 37(2) 30(I) 0(1) 6(1) 3(1) 0(1) 61(1) 
C(11) 29(1) 34(2) 26(1) -1(1) 2(1) 6(1) 0(2) 42(I) 
C(12) 27(1) 33(2) 29(1) 4(1) 0(1) 4() 0(3) 42(1) 
C(13) 24(1) 31(2) 32(I) 1(1) -1(1) 2(1) 0(4) 41(1) 
C(I4) 23(1) 25(2) 30(1) 2(1) 2(1) 0(1) 0(1W) 50(1) 
 41(2) 39(2) 27(1) 1(1) 2(1) 4(1) 0(2W) 49(1) 
 31(1) 38(2) 25(1) 4(1) 0(1) 6(1) 0(3W) 61(1) 
 40(2) 42(2) 30(1) 8(1) 2(1) 5(1) 0(4W) 72(2) 
U22 U33 U23 U13 U12 
36(2) 37(1) 10(1) -3(2) 4(2) 
27(2) 38(1) 2(I) 4(I) 3(I) 
27(2) 40(2) -2(1) 0(1) 4(1) 
26(2) 35(I) -2(1) 6(1) -6(1) 
46(2) 24(1) -1(I) 0(1) -9(2) 
26(2) 37(l) 1(1) 0(1) -1(1) 
25(1) 25(1) 1(1) 1(1) -2(1) 
32(1) 23(1) 2(1) 2(1) 5(1) 
39(1) 31(1) -7(1) 8(1) -2(1) 
31(1) 38(I) 8(1) 1(1) 4(1) 
37(1) 24(1) 3(1) -2(I) -3(1) 
25(1) 29(1) 3(I) 1(I) -I(1) 
70(2) 41(I) -1(I) 5(I) 5(1) 
40(I) 55(1) 8(1) 4(1) -5(1) 
69(2) 48(1) 1(1) -2(1) -25(1) 
37(1) 56(1) 1(1) 14(I) -11(I) 
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The Brucinium aj3-D-Glucuronate and aj3-D- 
Galacturonate Structures 
4.1 INTRODUCTION 
Many carbohydrates tend to crystallise with difficulty or not at all. This was 
the primary reason for studying the crystal structures of the uronate epimers, 
glucuronic acid (5a) and galacturonic acid (6a), with brucine (1). Both 5a and 6a are 
reported in the CSD as both a- and 13-anomers." 2 '3 '4 ' 5 ' 6 ' 7 This provides a basis of 
comparison. Not only can both 5a and 6a be studied on their own, but it will also 








H 	 H 
5a 	 6a 
(X-D-GlucurOflic acid 	13-D-Galacturonic acid 
Glucuronic acid (5a) differs from glucose in having a carboxyl group at C(6) 
instead of a hydroxyl group. Similarly galacturonic acid (6a) differs from galactose. 
The two acids therefore differ only in the configuration at C(4). In addition 5a is 
show as the a-anomer of glucuronic acid and 6a as the 3-anomer of galacturonic 
acid. a-Glucose and n-glucose are stereoisomers differing at the stereocenter C(l); 
therefore they are diastereomers. diastereomers that only differ at one of many 
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stereocenters are epimers. Epimers in which the difference of stereochemistry is only 
at the potential carbonyl group of a cyclic hemiacetal are called anomers. 
One of the uses of glucuronate in the human body is solubilising bilirubin, the 
product of degradative reactions of the heme shown by the colouring in bruises, in 
the liver. 9 Galacturonic acid is one of the main building blocks of pectin, the 
intercellular cementing material in cell walls of plant tissues. 10 
In this chapter the crystal structures of brucinium with the epimers glucuronic 
and galacturonic acid. In each case both anomers of the acids are observed in the 
structures. 
4.2 BRUCINIUM GLUCURONATE TRIHYDRATE 
4.2.1 Crystal structure Determination 
Crystallisation of 5a with 1 could not be achieved from supersaturated 
solutions, but was induced by adding secondary solvents to an aqueous solution of 1 
and 5a. Crystals of sufficient quality were formed on addition of acetonitrile or 
acetone to the aqueous solution. The crystal picked was from a batch of well formed 
colourless laths grown after the addition of acetonitrile to the aqueous solution. The 
unit cell of the crystal was determined to be primitive monoclinic with a = 
7.9458(10) A, b = 12.6602(17) A, c = 14.814(2) A, 3 = 93.676(9)0 (V = 1487.8(5) 
A3  ) from 56 reflections with 40 :! ~ 20 44 at T = 220.0 (2)K. 
A total of 5741 reflections was collected with 5141 reflections F 0 > 6cr, 379 
reflections 2cr <F 0 < 6cr and 221 reflections F 0 < 2cr (11cr = 33.27). The spacegroup 
was determined from the systematic absences in the OkO, k= 2n + 1 to be P2 1 . The 
E2- fl = 0.773 value is normal for a non-centrosymmetric structure. 
M SI.] 
Table 4-1: X-ray Crystallographic data for 5 
Empirical formula (C 23H27N204 ) +  + (C6H9O4 )- + 3(H20) 
Formula weight 642.65 
Crystal system Monoclinic 
Space group P2 1 
Unit cell dimensions a = 7.9458(10)A 
b= 12.6602(17)A 
c14.814(2)A 
b = 93.676(9)° 






cryst. dim., mm 1.1 x 0.23 x 0.12 
A4 mm -1 0.973 
scan type 
scan width 1.5 + 0.15 tanO 
Orange for data collection 2.99 to 60.04° 
Index range -8 :~ h ::~ 8 
-14 :!~ k !5; 13 
0:51:516 
refl. measured 5741 
indep. refl. 4246 
no. ofpararns ref. 424 
refl,F>2oF 3977 
RI, F>2a(F) 0.0465 
wR2, all data 0.1261 
Flack parameter 0.0(2) 
mm. and max. el. dens., eA 3 0.288 and -0.225 
weighting scheme 0.1033 + 0.0190 
exctinction coeff. 0.0068(8) 
For the structure solution and refinement a total of 4246 independent 
reflections was used. The solution showed a brucinium and a glucuronate ion with 3 
waters per asymmetric unit (complete crystallographic data for 5 are given in Table 
4-1). 
All nonhydrogen atoms were refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with an isotropic thermal 
parameters 1.2 or 1.5 times that of the atom attached. The two methyl groups C(22) 
and C(23) of each brucinium cation and all the hydroxyl hydrogens on the 
glucuronate anion were calculated to maximise the sum of electron density at the 
hydrogen positions. The hydrogen atoms on the water molecules were placed on 
basis of possible hydrogen bonding and restrained. 
The glucuronate anion is 2 fold disordered around C( 1 G) with 0(1 G) being 
82.7(8) % in the a-anomeric form and 17.3(8) % in the -anomeric form. Although 
the -anomeric form has a less preferable bond length (and angle to 0(5)), the 
residual electron density could only be modelled as a disordered oxygen and not as a 
hydrogen. The brucine is refined as a protonated brucinium cation. 
4.2.2 Molecular Geometry and Crystal Packing 
4.2.2.] Brucine 
The brucinium cation shows no particularly unusual features. The methoxy 
ring angles show the methyl groups to bent away from the ring with angles; 
0(3)-C(3)-C(2) 123.5(3) 	 0(4)-C(4)-C(5) 123.8(3) 
0(3)-C(3)-C(4) 115.9(3) 0(4)-C(4)-C(3) 115.3(3) 
The two corresponding torsion angles indicate that the methoxy groups lie near the 
plane of the aromatic ring, although the 0(3)-C(22) methoxy-group angle is slightly 
twisted. 
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C(22)-0(3)-C(3)-C(2) 	 -7.2(4) 
C(23)-0(4)-C(4)-C(5) 1.7(4) 





the sequence of bond lengths being N(2)-C(9) > N(2)-C( 1 0)N(2)-C( 15). 
4.2.2.2 Glucuronic acid 
The disordered glucuronate anion shows a normally structured glucose ring 
with typical bond lengths and angles. 1,5,6,7  The glucose ring is in the energetically 
favoured chair conformation with all the hydroxyl groups (except the 0(1')) in the 
low-energy equatorial positions. The disorder around C(l) confirms the presence of 
both the a and -anomer. The 13-anomeric form shows a decreased C(l)-0(1') bond-
length of 1.082(13) A and an enlarged 0(5)-C(l)-0(1') angle of 116.8(8)°. The 
normal a: 13 = 3 : 2 ratio is based on an aqueous solution" so the ratio here has no 
bearing since acetonitrile is added. Evidence that the carboxylate group is 
deprotonated is given by similar bond lengths for C(6)-0(6) and C(6)-0(7). 
4.2.2.3 Molecular packing 
In Figure 4-1 the typical brucine layering of 5 can be seen. The brucinium 
ions form a ribbon along the screw axis with the distance between the 'wave tops' of 
the puckering equal to the unit cell repeat of b = 12.6602(17) A. The puckering 
creates an angle of 120.6° between Li (the line through the C(8) and the middle of 
the C(3)-C(4) bond of the brucinium cation as can be seen in Figure 4-2) and a line 
Li' (created by applying the 2-fold screw to the molecule containing Li). This is 
equal to the angle of Li (or Li') with the b-axis, which gives an angle of 29.7° with 
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the normal of the ab-face (axb)). Apart from the angle of the normal of the plane P1 
(the plane created by C(3), C(4) and C(8)) with the b-axis (or normal of the ac-face; 
axc) of 91.7°, indicating a twist of 3.4 0 between two bruciniums, no other effects can 
be observed. It needs to be addressed that the ab-plane of the brucine layer has been 
used as the basis of the observations. The brucine layers are aligned parallel to each 
other and positioned such that they create another puckered interstitial layer in which 
the glucuronate ions (see Figure 4-13) pack. 
Figure 4-1: View along the a-axis (parallel to a brucinium layer) of 5 showing the brucimum cations 
only. 
In Figure 4-1 the 2-fold screw symmetry can be easily detected by picking a 
brucinium cation translating it half a unit cell and rotating it around the screw axis 
running along the cell-edge. The layer parallel to the existing one is created by the unit 
cell repeat along c or by the screw-axis parallel to the b-axis half a unit cell along c. 
The inter-layer distance is therefore equal to the unit cell repeat of c (14.814(2) A). 
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[El 
a 	bxc 	b 	axc 	c 	ax  
L 	87.90 	93.90 1503 0 	29.70 60.6 0 	29.70 
P1 740 11.0 0 	88.3 0 91.70 - 791 0 97.2° 
Figure 4-2: Showing the unit cell, the crystal faces with their normals and the line LI describing the 
brucinium position in the unit cell of 5 by their angles as given in the table (P1 being the plane 
through C(3). C(4) and C(8) and P1 the normal (M.0301Y o -0. 1887z0). 
13 
7c 
02 	 - 
L 
CA 
0(3)-C(i0) - 	 3.563A C(3)-C(13) 3.818A 0(4)-C(11) 3.589A 	7 
0(3)-C(l1) 3.709A C(3)-0(2) 3.441A 0(4)-C(13) 3.570A I 
0(3)-C(13) 3.309A C(4)-N(1) 3.749A 0(4)-C(14) 3.443A 
0(3)-0(2) 3.593A C(4)-C(14) 3.751 A 0(4)-N(i)3.245A_j 
Figure 4-3: The chosen close contact distances for 0(3). 0(4), C(3) and C(4) (not shown are the 
given distances for the C(3) and C(4). 
In Figure 4-4 a side view of the brucinium layer can be seen. The unit cell 
dimension a indicates the thickness of a brucine ribbon or the distance between 
brucine ribbons with a = 7.9458(10) A. The position of the brucine in a ribbon can be 
described by the head to tail interaction. The distances between the aromatic head 
(with methoxy groups) and the tail (represented by the C(13)/C(14) and the 
C(10)/C(l1) lobes with N(l) and 0(2) as single atoms) are used to describe the 
arrangement of the brucinium cations in a layer (see Figure 4-3). The head of the 
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brucine is pressed against the two lobes sticking out of the brucine core of the one 
beneath, consisting of C(1 O) and C(11), and the one above (C(13) and C(14)). The 
close contacts of N( 1) and 0(4) are particularly interesting. No dramatic differences 
can be noticed in the head to tail interactions. 
m 	 - 	
' 	Qk 
 '4 - 'LI 
- 4 =— - 
Figure 44: View along the c-axis (a plane view on a brucinium layer) showing the brucinium 
cations only. 
Figure 4-5 shows layers of the glucuronate cations and water. The main 
feature is the abundance of water in the structure also illustrated by Table 4-2, which 
shows all the hydrogen bonds in 5. The only inter-glucuronate bond involves the 
hydrogen bond between the hydroxyl 0(1G) to carboxylate 0(6G). The 3 waters act 
as both hydrogen bond acceptors and donors. The 0(1W) accepts from the hydroxyl 
0(2G) and donates to the carboxylate 0(6G) and 0(7G)(#5). The 0(2W) donates to 
the hydroxyl 0(2G)(#5) and the carboxylate 0(7G) and accepts from partially 
occupied O(IG'). The smaller angle here (140.5°) indicates a less efficient hydrogen 
bond. The hydrogen is pointing directly to 0(6G) so the most efficient hydrogen bond 
was calculated on basis of the electron density map. The 0(3W) hydrogen bonds to 
the carboxylate 0(7G) and connects by hydrogen bonding to 0(4G), the atom at 
which configuration differentiates galacturonic from galacturonic acid, with the 
brucinium layer by means of the 0(1). The more difficult crystallisation pathway for 5 
may be explained by the hydrogen bonding between the brucinium layer and the 
glucuronate and water layer (see Figure 4-6). The less efficient bonding of the most 
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important hydrogen donor N(2), which is expected to bifurcate to the carboxylate 
might cause this. Nitrogen N(2) does bifurcate, but only to 0(6G) and the hydroxyl 
0(4G) and in both cases with less favourable angles of 141.3° and 121° respectively. 
The strongest combination of hydrogen bonding between N(2) of 1 bifurcating with 
the carboxyl group of 5a is not observed. This together with the indirect hydrogen 
bonding of 0(1) to the glucuronate by means of 0(3W) might explain the 'harder' 
crystallisation pathway. 
Table 4-2: Observed hydrogen bonds (A) and angles (°) in S 
D ... A dD..4)A) <DHA,( d(D ... A)(A) <DHA( 
Nq2, ... O(6G) 2.85 1(3) 141.3 O(1U) ... O(7G#5 2.870(4) 163.1 
N(2) 04G, 3.065(4) 121.0 2.915(4) 175.2 
O(JG) ... O(6G)#1 2.794(4) 166.8 0239...0q2Gl#5 2.715(4) 166.0 
O(1G').O(2U)#2 2.639(15) 140.5 O(2W) ... O(7G) 2.799(3) 169.8 
O(2G) ... O(JW)#3 2.704(4) 161.7 O(3W)...O(1)#6 2.812(4) 165.9 
O(3G.) ... O(1,)#J 2.849(4) 161.9 




- O(-IG) ... O(3W)#2 2.796(3) 
Symmetry transformations used to generate equivalent atoms: 
#1 -x+1.y+1/2.-z+1 #4 -x,y+112.-z 
#2 x-1,y.z #5 -x+1,y-1/2.-z+l 
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Figure 4-6: View along a showing 5 with selected H-bonds. 
4.3 BRucINIUM GALACTURONATE HYDRATE 
4.3.1 Crystal structure Determination 
Crystals were formed readily from an aqueous solution of 1 and 6a. A crystal 
was picked from a batch of well formed colourless blocks. The unit cell of the crystal 
was determined to be primitive monoclinic with a = 7.958(4)A, b = 27.639(10)A, c 
12.366(5)A, /3= 93.57(3)° (V = 2714.6(9)A3) from 31 reflections with 40 :~- 28 :!~ 44 
and at T = 220.0 (2)K. 
A total of 4642 reflections was collected with 4385 reflections F0 > 6G, 156 
reflections 2cy <F0 <6y and 101 reflections F 0 <2 (mean < Va> = 36.04). The 
spacegroup was determined from the systematic absences in the OkO, k= odd, region 
to be P2 1 . The IE2-1 1 = 0.748 value is normal for a non-centrosynmietric structure. 
For the structure solution and refinement a total 4642 independent reflections 
was used. The unit cell was transformed with the matrix [100 001 0-10] to give the 
following non-conventional unit cell a = 7.958(4)A, b = 12.366(5)A, c 
=27.639(10)A, y = 93.57(3)°, which is comparable with the unit cell of 5. The 
structure solved to contain two brucinium cations, two galacturonate anions and 2 
water molecules per asymmetric unit (all the crystallographic data for 6 are tabulated 
Table 4-3). 
All non hydrogens were refined with anisotropic atomic displacement 
parameters. All hydrogens were found and refined with isotropic thermal parameters. 
Later they were refined as being placed in idealised hydrogen positions and allowed 
to ride on the non hydrogen atoms to which they are attached with the isotropic 
thermal parameters being 1.2 or 1.5 times that of the atom attached. The two methyl 
groups C(22) and C(23) of each brucine molecule and all the hydroxyl hydrogens on 
the galacturonic acids were calculated to maximise the sum of electron density at the 
hydrogen positions. The four hydrogens on the water molecule were also found and 
restrained. 
Of the two galacturonate anions one is (x-galacturonate and the other - 
galacturonate, which is 2-fold disordered around C(1G) and was modelled most 
successfully with 89.3(8) % in the 3-anomeric form and 10.7(8) % in the a-anomeric 
form. The two brucines refined satisfactorily as brucinium cations. 
4.3.2 Molecular Geometry and Crystal Packing 
4.3.2.1 Brucine 
The two brucines are virtually isostructural. The relatively flexible methoxy 
groups show no changes from the normal. The methoxy ring angles show the methyl 
groups to bent away from the ring with angles; 
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Table 4-3: X-ray Crystallographic data for 6 
Empiricalformula (C23HN204  ) + (C6HO4 )+ (HO) 
Formula weight 606.61 
Crystal system Monoclinic 
Space group P2 1 
Unit cell dimensions a = 7.95 8(4)A 
b = 12.366(5)A 
c = 27.639(10)A 
= 93.57(3)° 




temp, K 220.0(2) 
radiation Cu-Kcx 
cryst. dim., mm 0.30 x 0.25 x 0.20 
p, mm 1 0.976 
scan type co-0 (with Learnt Profile 12) 
Orange for data collection 3.30 to 60.090 
Index range -8:!~ h:!~ 8 
-1 	k:5:13 
0 :!~- I !~ 31 
refl. measured 4642 
indep refl. 4171 
no. ofparams ref. 811 
refl,F>2crF 4037 
R1,F>2o(F) 0.0306 
wR2, all data 0.0801 
Flack parameter -0.2(2) 
min. and max. eL dens., eA 3 0.190 and -0.225 
weighting scheme 0.0527 + 0.6964 
exctinction coeff. 0.0014(2) 
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0(3)-C(3)-C(2) 123.2(3) 0(4)-C(4)-C(5) 123.9(3) 
0(3)-C(3)-C(4) 115.8(3) 0(4)-C(4)-C(3) 115.3(3) 
O(3')-C(3 )-C(2) 123.9(3) 0(4')-C(4')-C(5') 124.4(3) 
0(3)-C(3)-C(4) 115.3(3) 0(4')-C(4')-C)3') 115.8(3) 
The four corresponding torsion angles indicate that the methoxy groups lie 
effectively within the plane of the aromatic ring 
C(22)-0(3)-C(3)-C(2) 	 -1.21 	C(22')-O(3 ')-C(4')-C(2) 3.26 
C(23)-0(4)-C(4)-C(5) -0.50 C(23')-0(4)-C(4')-C(5') 4.53 
The aromatic backbone of the brucine is very rigid. This means that in general 0(1) 
is in the same plane. Here 0(1) is bent out of the plane in the 'prime' molecule as the 
following torsion angles indicate; 
C(2 1 )-N( 1 )-C( 1 )-C(6) -159.5(3) - 
C(21)-N(1)-C(1)-C(2) 19.5(5)° 
C(2 1 ')-N( 1 ')-C( 1 ')-C(6') - 149.6(3) - 
C(2 1 ')-N( 1 ')-C( 1 ')-C(2') 34.7(5)° 
C(8)-N(1)-C(21)-O(1) -175.5(3)° 
C(1)-N(1)-C(21)-O(1) -23.9(5)° 
C(8')-N(l ')-C(2 1')-0(1') 162.4(3)° 
C(1 ')-N(l ')-C(2 P)-O(P) -1 6.5(5)' 
This anomaly might be explained by the adaptation of the framework to the hydrogen 
bonding of the 0(1'). 
The three bond lengths around N(2) show no unusual features: 
N(2)-C(1 5) 	1.5050(5) 
	
N2 - -C 15'1.509(4) 




the normal sequence of bond lengths being there N(2)-C(9) > N(2)-C( 10) 
C(15) 
4.3.2.2 Galacturonic acid 
The a-galacturonate anion (CI G') and the anomeric disordered 3-
galacturonate anion (Cl G) are both of known structures 2 ' 3 '4 . Both of the uronates are 
in the chair conformation. The chemically expected anomeric disorder around 
C(1 G(')) is exhibited by 2 different galacturonate molecules in the asymmetric unit. 
The ratio of the 13: a in the predominantly 13-galacturonate is 9 : 1. This 13-anomeric 
form seems to be 'compensating' for the excess of the 13-anomeric form, which in 5 
is approximately 4 : 1 for the a- and 13-anomeric form respectively, but which has an 
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approximate 3 : 2 = a: 3 ratio for the anomers in an aqueous solution". Evidence for 
the deprotonation of the carboxylate groups is provided by similar bond lengths for 
the C(6G)-0(6G) and the C(6G)-0(7G) on both molecules. 
4.3.2.3 Molecular packing 
In Figure 4-7 the typical brucine layering can be seen. The brucinium cations 
form a ribbon along the b-axis with puckering distance equivalent to the unit cell 
repeat of b (12.366(5)A). The 2-fold screw-axis is orientated along the c-axis. The 
unit cell repeats along the a and the b-axes create a layer. The screw-axis creates the 
anti-parallel orientated opposing brucinium layer. The inter layer distance is 112c = 
13.820(7)A. In contrast to 5 the brucinium layer is not created by a brucinium and a 
screw-axis, but by 2 independent brucinium cations and the unit-cell repeat (see 
Figure 4-10). The thickness of the brucine ribbon or the distance between the ribbons 
is equal to sinya= 7.943(4)A. This indicates that the brucinium cations are as 
compact as possible in the a direction. The basis of observation is the ab-plane with 
the normal of the bc-plane defining the a-direction. Thus the head of each brucinium 
ribbon is positioned just in front of the one beneath it. The brucinium layers are 
positioned such that the puckered layers are nearly touching and channels are created 
(see Figure 4-13). 
The positioning of the two bruciniums relative to the unit cell and the normals 
of the unit cell faces is given in Figure 4-8. The brucine puckering gives an angle 
between the two bruciniums of 114.10.  The non-prime brucinium cation (Li) makes 
an angle with the b-axis of 32.3° and the prime (Li') of 33.7 0 . The tilt of the 
bruciniums in the layer, 5.2° and 7.1° respectively is depicted by the angles of the 
planes P1 and P1' with normal of the bc-plane. 
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Figure 4-7: View along the a-axis (parallel to a brucinium layer) of 5 depicting the brucinium 
cations only. 
The puckering angles are also reflected in the distances between the brucinium 
ions (see Figure 4-9). The distances of the head to lobes in the tails of the brucinium 
beneath and above it are another indication of how the brucine is orientated. Most of 
the tabulated distances fall within the expected distances, only the distances to C(13') 
are elongated and especially C(3) and C(13') 
, 
a bxc b axe c axb 
Li 943 0 887°323° 1474 0 1222 0 5780 
Li' 9270 903 0 3370 1462 563 0 123.70 
P1 171.80 5. 20 93.80 82.70 93. 5 0 86.50 
P1' 174.20 7.1 0 85.90 96.6 95.70 84.3° 
Figure 4-8: Showing the unit cell, the crystal faces with their normals and the lines Li, Li' P1 
(0.0660y0 + 0.0618z0) and P1' (-0.0720z 0 + 0.0997z0) describing the brucimum positions in the unit 
cell of 6 by their angles. 
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Figure 4-9: Showing and giving the distances for 0(3), 0(4), C(3) and C(4) (not shown are the 
given distances for the C(3) and C(4). 
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Figure 4-10: A view along the c-axis of 6 (a plane view on a brucinium layer) showing only the 
brucinium cations. 
The -ga1acturonate anions are connected by two hydrogen bonds between 
0(2G) and 0(6G) and 0(39) and 0(7G) creating rows (see Figure 4-11). The 
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chains lie in the channels created by the brucinium cations. The 3-galacturonate 
anions lie between the rows of the cx-galacturonates. They are not directly hydrogen 
bonded but bridged by the 0(1W) water molecule interconnecting 0(6G) and 0(3 G) 
with the additional hydrogen bond of 0(1 W) linking the sheet to 0(1) of the 
brucinium (see Table 4-4). Each a-anomer is bonded to the 13-anomer by the 0(1G')-
0(7G) and the 0(1Ga)-0(7G') bonds. A chain of a- and 3-anomers linked together 
fill a channel (see Figure 4-12). The hydrogen bond reaching over the channels is the 
0(1G')-0(7G) bond. The water 0(2W) links the two anomers by bonding between 
0(2G), 0(7G') and the disordered 0(lGa). This means that the waters primarily link 
the galacturonates together. The N(2) hydrogen bonds to the 0(6G') at a angle of 
134.40, but the carboxylate of the 13-anomer primarily links those anomers together. 
The N(2') bifurcates to the carboxylate of the ct-anomer. Both of the 0(1)'s bind to 
the 0(4G)'s. 
Table 4-4: Observed hydrogen bonds in 6 
D-H...A d(D ... A) <(DHA) 
N('2) ... O(6G9 2.720(4) 134.4 
N(2) ... O(5G9 2.976(3) 136.2 
N('29  ... O(6G)#6 2.782(4) 170.0 
N('29  ... O(7G)#6 3.184(4) 1233 
O(1G9...O(7G) 2.656(4) 155.5 
0(2G ',)...O(6G',)#1 2.639(3) 175.9 
0(3G9...0(7G9#1 2.727(3) 159.9 
O(4G9 ... O(19#2 3.035(4) 1653 
O(4G9 ... O(3G9 2.804(3) 110.2 
D-H...A d(D ... A) <(DHA) 
O(JG)-...0(3G9#3 2.732(3) 159.7 
0(JGbL0(2W)#4 3.16(2) 135.6 
0(1Gb)L0(7G 2#4 3.33(2) 157.2 
O(3G) ... O(JW) 2.893(4) 148.7 
2.832(3) 146.0 
0('1W1...0(6G)#7 2.864(4) 167.2 
O(JW) ... O(i)#8 3.169(4) 165.3 
O(2...0(7G9 2.779(4) 167.7 
O(2W) ... O(2G)#2 2.793(4) 179.8 
Symmetry transformations used to generate equivalent atoms: 
#1 x+1,y,z #5 -x+1,-y+1,z-1/2 
#2 x,y-1,z #6 -x+2,-y+1,z+1/2 
#3 x,y+1,z #7 x-1,y,z 
#4 x+1,y+1,z #8 -x,-y+I,z-1/2 
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Figure 4-11: View along the c-axis of 6 with the galacturonate ions and the water. 
Figure 4-12: View along the a-axis showing 6 with selected H-bonds. 
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4.4 DiscussioN 
The structures 5 and 6 show subtle differences in the brucinium packing and 
orientation. Both have similar brucinium layers expressed by the unit cell dimensions 
of a and b. The major difference is the positioning of the layers; in 5 they are 
orientated parallel; in 6 they are anti-parallel (see the arrows in Figure 4-13). In 5 the 
brucinium layers create a layer like interstice while in 6 channels are formed. The 
puckering of 6 is slightly more pronounced as can be detected by comparing the b 
cell dimensions; 12.660 : 12.366 for 5 : 6. The angles between the bruciniums are 
120.6° for 5 and 114.1 for 6. The distance between the ribbons in 5 and 6 are nearly 
equal as indicated by a = 7.9458(1)A for 5 and sin (93.57) a = 7.943(4)A for 6. The 
orientation of the cations in the layers is quite constant with the exception of the 
environment around the C( 13') which might be explained by the combination of the 
puckering in the structure and the tilt of the specific molecule (see Figure 4-3 and 




C 	 c2 
Figure 4-13: A view parallel to a brucinium layer (along the a-axis) of the major components of 
brucinium galactronate and glucuronate showing the layer orientation, the interstices between 
them and significant hydrogen bonds. 
The hydrogen bonding networks in 5 and 6 show major differences, which 
can only be explained by the subtle difference between glucuronate and 
galacturonate, i.e. the conformation at C(4G). Since the anomeric disorder is flexible 
85 
this is expected to adapt to the position that maximises crystal lattice energy. While 
0(4G) in 6 binds to 0(1) in 5 0(4G) binds to 0(3W). This combined with the 
functional shift of the waters makes up for the seemingly more difficult 
crystallisation of 5 while the brucinium layers remain conserved, i.e. in 5 water is 
accommodating the binding of the glucuronate to the brucinium layer while in 6 
water is binding the galacturonates. 
The presence of both anomers in 5 and 6 is remarkable seen in the light that 
brucine is often a highly selective resolving agent. The fact that the anomers are 
present might indicate that the structural difference does not harbour enough energy 
to create a single crystal with one epimer or two crystals with each a different epimer. 
It might be said that 5 is a twin, but no indication besides the presence of the epimers 
is present to substantiate that idea. 
It may be asked whether the brucine packing affects the uronate 
conformations, i.e. have the conformations changed while co-crystallising with 1. 
The conformations of the uronates have been reviewed in the section 3.2.2.2 and 
3.3.2.2; they retain the conformations reported for other environments. This indicates 
that the brucine layer with the modifications in layer puckering, the orientation of the 
layers towards each other and with the assistance of water can accommodate the 
uronates without changing their conformation significantly. 
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Table 4-5: Atomic co-ordinates [x 10 4 ] and equivalent isotropic displacement parameters [A2 x103 
for 5 
x y z U(eq) x y z U(eq) 
C(1) 1821(4) 496(3) -233(2) 28(1) N(1) 1817(3) -618(2) -57(2) 29(1) 
C(2) 1583(4) 1017(3) -1058(2) 30(1) N(2) 2655(3) 127(2) 3008(2) 30(l) 
C(3) 1637(4) 2112(2) -1051(2) 28(1) 0(1) 1966(4) -1242(2) -1488(2) 52(1) 
C(4) 1953(3) 2667(2) -234(2) 28(1) 0(2) 2681(3) -3153(2) 1206(2) 37(1) 
C(5) 2155(4) 2137(3) 584(2) 29(1) 0(3) 1404(3) 2715(2) .1808(1) 32(1) 
C(6) 2085(4) 1029(2) 574(2) 29(l) 0(4) 2032(3) 3747(2) -316(1) 34(1) 
C(7) 2070(4) 289(2) 1371(2) 27(1) C(1) 2067(4) 4529(3) 5199(2) 33(1) 
C(8) 2195(4) -816(2) 921(2) 26(1) 0 V 2535(3) 5247(2) 5867(2) 34(1) 
C(9) 3440(4) 506(2) 2134(2) 28(1) 01b 1192(17) 4199(12) 5653(10) 43(5) 
C(10) 796(4) -65(3) 2776(2) 35(1) C(2) 1352(4) 5017(2) 4316(2) 32(l) 
C(11) 426(4) 409(3) 1856(2) 30(1) 0(2) -18(3) 5694(2) 4480(2) 52(I) 
C(12) 5111(4) -26(3) 2039(2) 31(1) C(3) 858(4) 4157(2) 3636(2) 30(I) 
C(13) 4818(4) -1217(3) 1928(2) 30(1) 0(3) 436(3) 4649(2) 2781(2) 46(1) 
C(14) 3910(4) -1365(3) 998(2) 30(1) C(4) 2258(4) 3361(3) 3547(2) 30(1) 
C(15) 3541(4) -832(3) 3426(2) 36(1) 0(4) 1673(3) 2467(2) 3029(2) 43(1) 
C(16) 3853(4) .1623(2) 2709(2) 32(1) C(5') 3021(4) 2996(2) 4467(2) 27(1) 
C(17) 3311(4) -2625(3) 2768(2) 39(1) 0(5) 3486(3) 3896(2) 5012(2) 32(1) 
C(18) 3545(5) -3431(3) 2052(2) 42(1) C(6) 4612(4) 2362(3) 4338(2) 30(1) 
C(19) 3620(4) .2491(2) 638(2) 30(1) 0(6) .4487(3) 1366(2) 4344(2) 38(1) 
C(20) 2571(4) -2464(3) -272(2) 37(1) 0(7) 5931(3) 2854(2) 4192(2) 41(1) 
C(21) 2101(4) -1390(3) -663(2) 35(1) 0(1W) 3262(4) 62(3) 5788(3) 64(l) 
C(22) 1289(5) 2161(3) -2667(2) 39(1) 0(2W) 8940(4) 2712(2) 5277(2) 47(l) 
C(23) 2388(5) 4340(3) 498(2) 41(1) 0(3W) 8168(3) 2220(2) 2859(2) 48(l) 
Table 4-6: Bond lengths [A] for the Brucinium ions in 5 and 6 
5 6 6' 5 6 6' 
C(l)-C(6) 1.377(4) 1.374(5) 1.374(5) C(16)-C(17) 1.344(5) 1.332(5) 1.331(5) 
C(1)-C(2) 1.391(4) 1.389(5) 1.387(5) C(17)-C(18) 1.492(5) 1.492(5) 1.506(5) 
C(2)-C(3) 1.388(5) 1.394(4) 1.387(5) C(19)-C(20) 1.539(4) 1.542(5) 1.536(5) 
C(3)-C(4) 1.408(4) 1.406(5) 1.413(5) C(20)-C(21) 1.516(5) 1.512(5) 1.513(5) 
C(4)-C(5) 1.385(4) 1.382(5) 1.383(5) N(1)-C(21) 1.356(4) 1.360(4) 1.365(4) 
C(5)-C(6) 1.404(5) 1.395(5) 1.388(4) N(1)-C(1) 1.435(4) 1.426(4) 1.425(4) 
C(6)-C(7) 1.508(4) 1.505(4) 1.511(5) N(1)-C(8) 1.481(4) 1.485(4) 1.493(4) 
C(7)-C(9) 1.543(4) 1.528(5) 1.532(4) N(2)-C(15) 1.516(4) 1.503(4) 1.508(4) 
C(7).C(11) 1.538(4) 1.544(4) 1.535(5) N(2)-C(10) 1.515(4) 1.515(4) 1.516(4) 
C(7).C(8) 1.556(4) 1.560(4) 1.565(4) N(2)-C(9) 1.548(4) 1.538(4) 1.540(4) 
C(8)-C(14) 1.527(4) 1.541(4) 1.524(4) 0(1)-C(21) 1.235(4) 1.226(4) 1.220(4) 
C(9)-C(12) 1.504(5) 1.521(5) 1.519(5) 0(2)-C(19) 1.431(4) 1.428(4) 1.431(4) 
C(10)-C(l 1) 1.502(5) 1.509(5) 1.501(5) 0(2)-C(l8) 1.433(4) 1.438(5) 1.437(4) 
C(12)-C(13) 1.533(4) 1.538(4) 1.532(5) 0(3)-C(3) 1.360(4) 1.363(4) 1.365(4) 
C(13)-C(14) 1.526(4) 1.521(5) 1.518(5) 0(3)-C(22) 1.450(4) 1.433(4) 1.418(4) 
C(13)-C(16) 1.517(4) 1.523(5) 1.526(5) 0(4)-C(4) 1.374(4) 1.375(4) 1.374(4) 
C(14)-C(19) 1.535(4) 1.532(4) 1.530(4) 0(4)-C(23) 1.433(4) 1.426(4) 1.424(4) 
C( I 5)-C(1 6) 1.493(5) 1.500(5) 1.510(5) 
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Table 4-7: Atomic co-ordinates [x 10 4] and equivalent isotropic displacement parameters [A 2 x10 3 ] 
for 6 
x y z U(eq) x y z IJ(eq) 
N(l) 2209(3) 417(1) 3394(2) 25(1) OlGa 6377(3) 1774(1) 6769(2) 29(l) 
N(2) 2384(3) 1204(1) 2537(2) 26(l) OIGAb 8350(3) 2356(9) 7733(18) 34(6) 
0(1) 2529(4) -1162(1) 4135(2) 43(1) C(2G) 5982(4) 2628(1) 6603(2) 26(1) 
0(2) 3063(3) 323(1) 5959(2) 36(1) 0(2G) 4790(3) 2628(1) 7416(2) 33(l) 
0(3) 2514(3) -1419(1) 103(2) 31(1) C(3G) 5133(4) 2596(1) 5477(2) 26(I) 
0(4) 2851(3) -636(1) -1010(2) 32(1) 0(3G) 4126(3) 3014(1) 5227(2) 37(1) 
C(1) 2301(4) -528(1) 2273(2) 24(1) C(4G) 6423(4) 2570(1) 4623(2) 24(1) 
C(2) 2323(4) -983(1) 1793(2) 26(l) 0(4G) 7271(3) 3015(1) 4498(2) 33(l) 
C(3) 2476(4) -999(1) 677(3) 26(1) C(5G) 7735(4) 2178(1) 4917(2) 24(I) 
C(4) 2631(4) -572(l) 74(2) 24(1) C(6G) 9135(4) 2195(1) 4125(2) 26(l) 
C(5) 2571(4) -124(l) 570(3) 26(1) 0(6G) 10521(3) 2385(1) 4433(2) 35(l) 
C(6) 2400(4) -109(1) 1685(2) 24(1) 0(7G) 8802(3) 2035(1) 3194(2) 35(l) 
C(7) 2177(4) 329(1) 2387(2) 23(1) N(1') 8616(3) 471(1) 8386(2) 25(1) 
C(8) 2420(4) 113(1) 3551(2) 23(1) N(2') 8859(3) -2083(1) 7410(2) 25(1) 
C(9) 3337(4) 754(1) 2171(3) 27(l) 0(1) 7596(4) 232(1) 9027(2) 48(1) 
C(10) 625(4) 1040(1) 2768(3) 29(1) 0(2') 8176(3) -1249(1) 10853(2) 31(I) 
C(11) 411(4) 558(1) 2206(3) 26(1) 0(3') 8832(3) 559(1) 5132(2) 33(1) 
C(12) 5085(4) 733(1) 2742(3) 30(1) 0(4') 8286(3) -203(1) 3938(2) 34(1) 
C(13) 4880(4) 684(l) 3966(3) 28(1) C(1') 8559(4) -350(1) 7264(3) 25(1) 
C(14) 4160(4) 183(1) 4148(2) 27(1) C(2) 8663(4) 107(1) 6807(3) 27(1) 
C(15) 3258(5) 1462(1) 3481(3) 33(1) C(3') 8643(4) 137(1) 5686(3) 26(l) 
C(16) 3812(4) 1103(1) 4340(3) 32(1) C(4') 8423(4) -281(1) 5037(3) 27(1) 
C(17) 3403(5) 1149(1) 5362(3) 36(1) C(5') 8386(4) -732(1) 55 19(2) 25(1) 
C(18) 3862(6) 780(2) 6210(3) 44(1) C(6') 8500(4) -762(1) 6641(3) 24(1) 
C(19) 3996(5) 6(1) 5310(3) 32(l) C(7') 8819(4) -1206(1) 7339(2) 23(1) 
C(20) 3043(5) -480(1) 5315(3) 33(1) C(8) 8558(4) -1008(1) 8502(2) 23(1) 
C(21) 2583(4) -721(1) 4240(3) 30(1) C(9') 7754(4) -1651(1) 7023(3) 26(1) 
C(22) 2413(5) -1860(1) 705(3) 35(1) C(10') 10589(4) -1886(1) 7751(3) 27(1) 
C(23) 3013(5) -209(1) -1642(3) 40(1) C(l 1') 10621(4) -1393(1) 7246(3) 25(1) 
0(5G') 4061(3) 1747(1) 827(2) 25(1)  6043(4) -1682(1) 7499(3) 29(1) 
C(IG') 5612(4) 2005(1) 944(2) 28(1)  6316(4) -1645(1) 8733(3) 28(1) 
0(IG) 5875(3) 2085(1) 2047(2) 48(1)  6895(4) -1129(1) 8988(2) 25(1) 
C(2G') 6993(4) 1719(1) 429(2) 23(1)  8121(4) -2376(1) 8294(3) 30(l) 
0(2G') 8474(3) 2003(1) 546(2) 31(1)  7532(4) -2036(1) 9147(3) 28(1) 
C(3G') 6463(4) 1639(1) -763(2) 21(I)  8083(4) -2077(1) 10182(3) 31(l) 
0(3G') 7579(3) 1350(1) -1342(2) 26(1) C(18) 7600(5) -1732(1) 11053(3) 36(1) 
C(4G) 4741(4) 1395(1) -891(2) 22(1)  7047(4) -964(1) 10170(2) 29(1) 
0(4G') 4774(3) 919(1) 470(2) 32(1)  7750(5) -446(1) 10236(3) 35(1) 
C(5G') 3518(4) 1701(1) -293(2) 23(1)  7962(4) -193(1) 9169(3) 30(1) 
C(6G') 1712(4) 1512(1) -363(3) 26(1)  9143(5) 980(1) 5768(3) 43(l) 
0(60) 1061(3) 1407(1) 507(2) 34(1)  7969(6) -619(2) 3277(3) 44(1) 
0(70) 968(3) 1503(1) -1285(2) 41(1) 0(1W) 755(4) 3190(I) 5889(3) 55(1) 
0(5G) 8456(3) 2237(1) 5989(2) 28(1) 0(2W) 1954(3) 2056(1) -3012(2) 52(l) 
C(IG) 7246(4) 2219(1) 6791(2) 26(l) 
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Table 4-8: Bond angles [O]  for the brucinium ions in 5 and 6 
5 6 6' 5 6 6' 
C(6)-C(1)-C(2) 122.3(3) 122.3(3) 121.7(3) C(16)-C(13)-C(14) 114.4(3) 115.0(3) 114.7(3) 
C(6)-C(1)-N(1) 109.1(3) 110.0(3) 110.4(3) C(16)-C(13)-C(12) 109.4(3) 109.1(3) 109.7(3) 
C(2)-C(1 )-N(1) 128.6(3) 127.7(3) 127.7(3) C(14)-C(13)-C(12) 106.1(3) 106.8(3) 106.8(3) 
C(3)-C(2)-C(1) 117.7(3) 117.1(3) 117.8(3) C(13)-C(14)-C(8) 112.3(3) 112.4(3) 112.5(3) 
0(3)-C(3)-C(2) 123.6(3) 123.3(3) 124.0(3) C(13)-C(14)-C(19) 118.6(3) 119.0(3) 118.8(3) 
0(3)-C(3)-C(4) 115.8(3) 115.8(3) 115.3(3) C(8)-C(14)-C(19) 106.5(2) 106.4(3) 107.0(3) 
C(2)-C(3)-C(4) 120.6(3) 120.9(3) 120.7(3) C( I 6)-C( I 5)-N(2) 110.0(2) 109.7(3) 108.9(3) 
0(4)-C(4)-C(5) 123.8(3) 124.0(3) 124.5(3) C(17)-C(1 6)-C(1 5) 121.3(3) 122.0(3) 121.5(3) 
0(4)-C(4)-C(3) 115.3(3) 115.4(3) 115.7(3) C(17)-C(16)-C(13) 123.3(3) 122.4(3) 123.3(3) 
C(5)-C(4)-C(3) 120.9(3) 120.6(3) 119.9(3) C(15)-C(16)-C(13) 115.4(3) 115.7(3) 115.2(3) 
C(4)-C(5)-C(6) 118.3(3) 118.3(3) 118.9(3) C(16)-C(17)-C(18) 123.0(3) 122.5(4) 123.4(3) 
C( I )-C(6)-C(5) 120.2(3) 120.6(3) 120.6(3) 0(2)-C(1 8)-C( 17) 112.2(3) 111.3(3) 111.4(3) 
C(1)-C(6)-C(7) 111.5(3) 111.1(3) 110.7(3) 0(2)-C(19)-C(14) 114.4(2) 114.1(3) 114.1(3) 
C(5)-C(6)-C(7) 128.0(3) 128.1(3) 128.1(3) 0(2)-C(19)-C(20) 104.7(3) 105.0(3) 105.6(3) 
C(6)-C(7)-C(1 1) 110.7(2) 112.6(3) 110.8(3) C(14)-C(19)-C(20) 110.1(3) 110.7(3) 109.6(3) 
C(6)-C(7)-C(9) 114.9(2) 115.0(3) 115.8(3) C(21)-C(20)-C(19) 117.4(3) 118.2(3) 116.4(3) 
C(I 1)-C(7)-C(9) 102.7(2) 102.3(3) 102.4(3) 0(1)-C(21)-N(1) 122.6(3) 121.9(3) 122.6(3) 
C(6)-C(7)-C(8) 102.7(2) 102.2(2) 102.4(2) 0(l)-C(21)-C(20) 121.2(3) 122.4(3) 122.2(3) 
C(1 1)-C(7)-C(8) 111.7(2) 110.5(2) 111.4(3) N(1)-C(21)-C(20) 116.2(3) 115.6(3) 115.2(3) 
C(9)-C(7)-C(8) 114.4(2) 114.5(3) 114.3(3) C(21)-N(1)-C(I) 125.9(3) 126.3(3) 124.6(3) 
N(1)-C(8)-C(14) 105.9(2) 106.2(3) 106.8(3) C(21)-N(1)-C(8) 119.5(3) 119.4(3) 118.5(3) 
N(1)-C(8)-C(7) 104.6(2) 104.5(2) 104.5(2) C(1)-N(1)-C(8) 110.0(2) 109.1(2) 109.2(2) 
C(14)-C(8)-C(7) 117.3(2) 116.7(3) 117.0(3) C(1 0)-N(2)-C(1 5) 112.6(2) 112.5(3) 112.3(2) 
C( I 2)-C(9)-C(7) 115.9(2) 115.7(3) 116.1(3) C(1 0)-N(2)-C(9) 107.5(2) 107.1(2) 107.4(2) 
C( 12)-C(9)-N(2) 110.1(2) 110.4(3) 110.1(3) C(1 5)-N(2)-C(9) 112.8(2) 113.6(3) 113.6(2) 
C(7)-C(9)-N(2) 104.7(2) 104.8(2) 104.3(2) C(19)-0(2)-C(18) 114.8(3) 115.0(3) 114.7(3) 
C(1 1)-C(10)-N(2) 105.8(2) 104.8(3) 104.4(3) C(3)-0(3)-C(22) 116.7(2) 116.9(2) 116.3(3) 
C(I0)-C(1 1)-C(7) 105.2(2) 102.7(3) 103.6(3) C(4)-0(4)-C(23) 117.1(2) 116.6(3) 116.2(3) 
C(9)-C(12)-C(13) 108.8(3) 108.1(3) 107.9(3) 
Table 4-9: Bond lengths [A] and angles [0]  for the glucuronate ions in 5. 
C(1')-01"b 1.082(13) C(6')-0(7) 1.249(4) C(4')-C(3')-C(2) 112.1(2) 
C(1)-0l'a 1.377(4) C(6)-0(6) 1.266(4) 0(4').C(4)-C(3') 111.0(2) 
C( 1 )-0(5') 1.425(4) 01 "b-C( I ')-0(5') 116.8(8) 0(4)-C (4)-C(5') 109.6(3) 
C( I )-C(2') 1.523(5) 01 'a-C( I ')-0(5') 109.3(2) C(3)-C(4')-C(5) 112.0(2) 
C(2)-0(2') 1.419(4) 01 "b-C( I ')-C(2') 118.1(9) 0(5)-C(5')-C(6') 107.8(2) 
C(2')-C(3) 1.518(4) 01 a-C( I ')-C(2') 114.7(3) 0(5')-C(5)-C(4') 109.6(2) 
C(3')-0(3') 1.432(4) 0(5')-C( I ')-C(2') 108.5(3) C(6')-C(5')-C(4) 109.4(2) 
C(3)-C(4') 1.513(4) 0(2')-C(2)-C(3) 112.2(2) C(I)-0(5')-C(5') 112.3(2) 
C(4)-0(4') 1.430(4) 0(2')-C(2)-C(1') 110.3(3) 0(7')-C(6)-0(6') 124.4(3) 
C(4)-C(5') 1.528(4) C(3')-C(2')-C(1) 110.1(3) 0(7')-C(6')-C(5) 118.2(3) 
C(5')-0(5') 1.430(4) 0(3)-C(3')-C(4') 110.1(3) 0(6)-C(6')-C(5') 117.3(3) 
C(5)-C(6) 1.520(4) 0(3')-C(3')-C(2') 108.1(3) 
ME 
Table 4-10: Anisotropic displacement parameters [A2 x 10 3 ] for 5. 
Ull U22 U33 U23 U13 1J12 Ull U22 U33 U23 U13 U12 
C(I) 31(2) 21(2) 33(2) -3(1) -1(1) 1(1) N(1) 38(1) 21(1) 28(1) -5(1) -5(1) 2(1) 
C(2) 34(2) 28(2) 27(2) -5(1) -2(1) 1(1) N(2) 44(1) 23(l) 22(1) -2(I) -3(1) -1(1) 
C(3) 28(l) 26(2) 29(2) 2(1) -3(1) 0(1) 0(1) 90(2) 36(1) 29(1) -8(1) -9(1) 11(1) 
C(4) 26(1) 20(2) 37(2) -2(1) -1(1) -1(1) 0(2) 45(1) 25(1) 42(1) -3(1) -1(1) -2(1) 
C(5) 32(2) 24(2) 31(2) -6(1) -3(1) 1(1) 0(3) 42(1) 26(1) 29(1) 3(1) 4(1) -1(I) 
C(6) 31(2) 23(2) 31(2) -2(1) -5(1) 1(I) 0(4) 45(1) 21(1) 36(1) 0(1) -3(1) 1(1) 
C(7) 32(2) 22(2) 26(2) -5(1) 4(1) 1(1) C(1') 35(2) 24(2) 38(2) -9(I) -5(2) 1(1) 
C(8) 30(1) 21(2) 25(2) -1(1) -3(1) 0(1) 01'a 38(2) 30(2) 33(2) -14(1) 0(1) -1(I) 
C(9) 37(2) 19(2) 27(2) 1(1) -2(1) 4(1) 01"b 36(7) 53(10) 43(8) 0(7) 25(6) 2(6) 
C(10) 37(2) 28(2) 39(2) -1(1) 2(1) -3(1) C(2) 33(2) 19(2) 43(2) -3(1) -6(1) 0(1) 
C(11) 34(2) 24(2) 31(2) -6(1) -1(1) 0(I) 0(2) 41(1) 29(1) 83(2) -21(1) -18(1) 10(1) 
C(12) 33(2) 29(2) 31(2) -2(I) -8(1) -5(1) C(3) 33(2) 23(2) 33(2) 1(I) -8(1) 1(1) 
C(13) 29(1) 26(2) 34(2) -2(1) -6(I) 4(1) 0(3) 60(2) 35(1) 40(1) 8(1) -19(1) 4(1) 
C(14) 30(2) 24(2) 34(2) -5(1) 1(1) -2(1) C(4') 32(2) 28(2) 31(2) -5(1) -3(1) -1(1) 
C(15) 48(2) 28(2) 29(2) 1(1) -7(1) -1(1) 0(4) 40(1) 40(2) 47(I) -23(1) -12(1) 8(I) 
C(16) 33(2) 28(2) 33(2) 1(1) -7(1) 4(1) C(S) 31(2) 19(2) 32(2) -4(I) 4(1) 0(1) 
C(17) 48(2) 28(2) 39(2) 8(2) -1(1) 1(2) 0(5) 34(l) 24(1) 38(1) -8(1) -10(1) 3(1) 
C(18) 61(2) 21(2) 44(2) 5(1) -3(2) 2(2) C(6') 30(2) 26(2) 32(2) -2(1) -3(1) 0(1) 
C(19) 32(2) 23(2) 36(2) 4(1) 1(1) 5(1) 0(6) 43(1) 20(1) 52(2) -3(1) -2(I) 3(I) 
C(20) 49(2) 27(2) 36(2) -9(1) -4(1) 6(2) 0(7') 33(1) 30(1) 60(2) 4(1) 2(1) 2(1) 
C(21) 40(2) 30(2) 34(2) -7(1) -7(1) 1(1) 0(1W) 60(2) 41(2) 94(3) 15(2) 27(2) 10(1) 
C(22) 52(2) 38(2) 25(2) -2(1) -7(1) 1(2) 0(2W) 48(1) 35(2) 58(2) 2(1) -6(1) -3(1) 
C(23) 57(2) 24(2) 42(2) -10(2) 4(2) -2(2) 0(3W) 52(2) 45(2) 47(1) 2(1) 8(1) 3(1) 
Table 4-11: Bond lengths [A] and angles [0]  for the galacturonate ions in 6. 
0(5G')-C(lG') 1.426(4) C(4G)-C(5G) 1.534(4) C(5G)-0(5G)-C(IG) 113.3(2) 
0(5G')-C(5G') 1.430(4) C(5G)-C(6G) 1.530(4) OlGa-C(IG)-0(5G) 111.5(3) 
C( I G')-O( 1 G') 1.384(4) C(6G)-0(7G) 1.247(4) 0(5G)-C(I G)-0 1Gb 98.5(9) 
C( I G')-C(2G') 1.525(4) C(6G)-0(6G) 1.259(4) 01 Ga-C(1 G)-C(2G) 109.0(3) 
C(2G)-0(2G') 1.415(4) C( I G')-0(5G)-C(5G') 110.5(2) 0(5G)-C( I G)-C(2G) 109.7(3) 
C(2G')-C(3G') 1.525(4) 0(1 G')-C( I G)-0(5G') 104.9(2) 01 Gb-C( 1G)-C(2G) 106.8(10) 
C(3G')-0(3G') 1.420(4) 0(IG')-C(IG')-C(2G') 115.2(3) 0(2G)-C(2G)-C(3G) 111.8(3) 
C(3G')-C(4G') 1.526(4) 0(5G')-C(IG)-C(2G') 109.8(3) 0(2G)-C(2G)-C(IG) 110.9(3) 
C(4G')-0(4G') 1.414(4) 0(2G')-C(2G)-C(3G') 111.0(2) C(3G)-C(2G)-C(IG) 110.6(3) 
C(4G')-C(5G') 1.516(4) 0(2G')-C(2G')-C(IG') 106.7(3) 0(3G)-C(3G)-C(2G) 111.4(3) 
C(5G')-C(6G) 1.526(4) C(3G')-C(2G)-C( I G') 108.4(2) 0(3G)-C(3G)-C(4G) 106.3(3) 
C(6G')-0(7G') 1.252(4) 0(3G')-C(3G)-C(2G') 115.2(2) C(2G)-C(3G)-C(4G) 111.1(3) 
C(6G')-0(6G') 1.257(4) 0(3G')-C(3G')-C(4G') 106.6(2) 0(4G)-C(4G)-C(3G) 112.5(3) 
0(5G)-C(5G) 1.420(4) C(2G')-C(3G)-C(4G') 110.9(2) 0(4G)-C(4G)-C(5G) 108.6(3) 
0(5G)-C(IG) 1.425(4) 0(4G')-C(4G')-C(5G') 109.7(2) C(3G)-C(4G)-C(5G) 110.3(3) 
C( I G)-0 I Ga 1.412(4) 0(4G')-C(4G')-C(3G) 112.1(2) 0(5G)-C(5G)-C(6G) 109.1(2) 
C( I G)-0 1Gb 1.46(2) C(5G')-C(4G)-C(3G') 107.7(2) 0(5G)-C(5G)-C(4G) 111.7(2) 
C(IG)-C(2G) 1.520(5) 0(5G')-C(5G')-C(4G') 110.9(2) C(6G)-C(5G)-C(4G) 109.7(2) 
C(2G)-0(2G) 1.424(4) 0(5G')-C(5G)-C(6G') 108.2(2) 0(7G)-C(6G)-0(6G) 124.1(3) 
C(2G)-C(3G) 1.512(4) C(4G')-C(5G)-C(6G') 114.3(3) 0(7G)-C(6G)-C(5G) 117.3(3) 
C(3G)-0(3G) 1.428(4) 0(7G')-C(6G')-0(6G) 125.3(3) 0(6G)-C(6G)-C(5G) 118.6(3) 
C(3G)-C(4G) 1.520(4) 0(7G')-C(6G')-C(5G') 116.7(3) 
C(4G)-0(4G) 1.417(4) 0(60')-C(6G)-C(5G') 117.8(3) 
fable 4-12: Anisotropic displacement parameters [A2 x iO] for 6. 
Ull U22 U33 U23 U13 U12 Ull U22 U33 U23 U13 U12 
34(2) 22(1) 19(1) 1(1) 4(1) 1(1) OlGa 36(1) 30(1) 22(1) 6(1) 1(1) 0(1) 
38(2) 19(1) 23(1) 2(1) 7(1) 2(1) OIGAb 22(11) 51(15) 29(12) 13(11) 9(9) 9(11) 
76(2) 23(l) 31(1) 5(1) 5(1) 5(1) C(2G) 29(2) 30(2) 20(2) -2(1) 4(1) 4(1) 
45(1) 38(1) 25(1) 4(1) 5(1) -5(1) 0(2G) 35(l) 42(1) 25(I) -7(1) 13(1) 5(1) 
42(1) 22(1) 27(1) -5(1) 3(1) 2(1) C(3G) 27(2) 28(2) 24(2) 2(1) 0(1) 2(1) 
46(1) 32(1) 17(1) -2(1) 5(1) -2(1) 0(3G) 34(1) 45(2) 32(1) 7(1) 5(1) 13(1) 
28(2) 24(2) 21(2) 2(1) 2(I) 1(1) C(4G) 28(2) 25(2) 18(2) 0(1) 0(1) 0(1) 
31(2) 22(2) 24(2) 3(1) 2(1) 1(1) 0(4G) 42(1) 24(1) 35(1) -1(1) 14(1) -1(1) 
26(2) 24(2) 27(2) 4(1) 2(1) 1(1) C(5G) 29(2) 24(2) 19(2) 1(1) 1(1) 0(I) 
27(2) 28(2) 19(2) -3(1) 3(I) -1(1) C(6G) 34(2) 22(2) 23(2) 2(1) 4(1) 4(2) 
30(2) 26(2) 23(2) 5(1) 0(1) 1(1) 0(6G) 33(1) 42(1) 30(I) 0(1) 7(1) 0(1) 
26(2) 23(2) 22(2) -1(1) 4(1) 1(1) 0(7G) 45(1) 39(1) 22(1) .5(1) 6(1) 8(I) 
29(2) 23(2) 18(2) 1(1) 4(1) 4(1) N(1') 32(2) 21(1) 22(1) 4(1) 3(1) -1(1) 
25(2) 26(2) 18(2) 2(1) 5(I) -1(1) N(2) 30(1) 21(1) 25(1) -3(1) 3(1) -2(1) 
36(2) 23(2) 22(2) -1(1) 8(I) 2(1) 0(1) 77(2) 26(2) 43(2) -4(1) 22(I) 8(1) 
30(2) 30(2) 27(2) 4(1) 7(1) 5(1) 0(2) 37(1) 36(1) 22(1) 2(1) 4(1) -5(1) 
28(2) 25(2) 24(2) 4(1) 4(1) 3(1) 0(3') 41(1) 25(1) 33(I) 8(1) 5(1) 3(1) 
30(2) 29(2) 31(2) 1(2) 7(1) -6(2) 0(4') 45(1) 36(1) 22(l) 6(1) 4(1) 2(I) 
24(2) 32(2) 28(2) 1(2) 1(1) -1(1)  24(2) 27(2) 24(2) 1(1) 3(1) 0(1) 
28(2) 3 1(2) 22(2) 1(1) 1(1) 3(1)  29(2) 23(2) 29(2) -2(1) 4(I) 2(1) 
41(2) 27(2) 31(2) -6(2) 6(2) -6(2)  24(2) 23(2) 31(2) 6(1) 4(1) 4(1) 
35(2) 30(2) 30(2) -5(2) 4(1) .7(2)  28(2) 33(2) 22(2) 5(1) 3(1) 4(2) 
46(2) 33(2) 30(2) -11(2) 3(2) -8(2)  31(2) 26(2) 20(2) -1(1) 4(1) -1(1) 
61(3) 43(2) 27(2) -7(2) 0(2) -9(2)  28(2) 23(2) 23(2) -1(1) 4(1) 2(1) 
34(2) 38(2) 25(2) 4(2) 0(1) 2(2)  31(2) 20(2) 18(2) -2(1) 7(1) -2(1) 
42(2) 35(2) 22(2) 6(2) 4(1) 1(2)  29(2) 21(2) 20(2) 0(1) 3(I) 1(I) 
36(2) 27(2) 27(2) 6(1) 7(1) 3(1)  31(2) 26(2) 21(2) -2(1) 0(I) -2(1) 
41(2) 26(2) 37(2) -1(2) -2(2) 2(2)  26(2) 27(2) 28(2) -2(1) 4(I) 0(1) 
60(3) 42(2) 19(2) 1(2) 4(2) -9(2)  27(2) 24(2) 23(2) -2(1) 6(1) -2(1) 
19(1) 34(1) 24(1) -5(1) 5(1) -3(1)  28(2) 31(2) 28(2) -6(1) -1(1) -3(1) 
21(2) 40(2) 24(2) -8(2) 6(1) -5(1)  22(2) 33(2) 30(2) 0(1) 5(1) -5(1) 
30(1) 84(2) 31(1) -26(1) 6(I) -6(1)  24(2) 29(2) 23(2) -1(1) 5(1) 3(1) 
20(2) 26(2) 21(2) -1(1) 2(I) 4(1)  36(2) 23(2) 31(2) 4(1) 4(1) -5(2) 
22(l) 39(1) 34(1) -9(1) 2(1) -6(1)  30(2) 23(2) 32(2) 2(1) 6(1) .11(1) 
23(2) 23(2) 19(2) 2(1) 6(1) 3(1)  35(2) 26(2) 31(2) 7(1) 3(1) -7(2) 
20(1) 32(1) 26(1) -6(I) 4(1) 2(1)  46(2) 38(2) 25(2) 8(2) 5(2) -12(2) 
21(2) 26(2) 19(2) -1(I) 2(1) -1(1)  28(2) 39(2) 22(2) 1(2) 8(1) -2(2) 
29(1) 22(1) 45(1) -1(1) 11(1) 0(1)  47(2) 33(2) 26(2) -8(2) 9(2) 2(2) 
21(2) 26(2) 21(2) 1(1) 4(1) 2(1)  38(2) 24(2) 28(2) -6(1) 6(1) 0(1) 
22(2) 31(2) 26(2) 2(1) 3(1) 2(1)  54(2) 24(2) 52(2) 4(2) 16(2) 2(2) 
22(1) 50(2) 32(1) 12(1) 4(1) -1(1)  67(3) 44(2) 21(2) 2(2) 1(2) 3(2) 
23(I) 69(2) 31(1) 5(1) -1(1) -7(1) 0(1W) 48(2) 52(2) 65(2) -11(2) -2(I) -6(1) 
25(l) 42(1) 17(1) 2(1) 4(1) 2(1) 0(2W) 36(2) 67(2) 52(2) 20(2) 4(1) 4(1) 
32(2) 33(2) 14(2) 0(1) 5(1) 0(2) 
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Chapter 5 
The Brucine Nucleotide 
Structures 
5.1 INTRODUCTION 
Studies in anti-cancer agents, ageing and cloning all involve one basic 
component; the nucleic acids, ribonucleic acid or RNA and deoxyribonucleic acid or 
DNA. A structural study of these basic building blocks of Life in isolation would be 
interesting. However, because nucleotides do not form good diffraction quality 
crystals and thus a limited amount of structures has been reported, a study of co-
crystallisations with brucine has far reaching implications. Not only would brucine 
serve as a co-crystallising agent but structurally well determined nucleotides would 
be available. 
Nucleotides are built up out of three components': 
A sugar, 13  D-ribose (RNA) or 13  D-2'deoxyribose (DNA) in the cyclic 5 membered 
furanoside form, 
A heterocyclic base(urine or pyrimidine); guanine(G), thymine(T), adenine(A), 
uracil(U) or cytosine(C) substituted at the C( 1) of the sugar forming a glycosil link 
with the N of the base, 
A phosphate group substituted at the 5' hydroxyl group of the sugar. 
This structure can be seen in the nucleic acids thymidine 5'-monophosphate (TMP), 
adenosine 5'-monophosphate (AMP), guanosine 5'-monophosphate (GMP), cytidine 
5'-monophosphate (CMP) and uridine 5'-monophosphate (UMP) (see Figure 5-1). 
Neither the nucleotides nor the nucleosides form good diffraction quality 
crystals and a limited amount of structures is reported in the Cambridge Structural 
Database. This might be due to frequent disordered hydration of many nucleic acids. 
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The structures of the four nucleotides which are reported and unsubstituted will be 
used for comparison. For CMP two structures are reported; a barium hydrate  and a 
disodium hydrate 3 . The search for TMP produced only one structure, a calcium 
dihydrate4 . The search for AMP resulted in seven hits; a complex with chioro 
(terpyridyl) Pt(11) +  salt5 , a monoclinic monohydrate 6, an orthorhombic monohydrate 7 , 
two structures of a penta-aqua-AMP-Ni(II) monohydrate 8 '9 and hexa-ammine-Co(III) 
chloride pentahydrate' ° . For GMP there are also seven structures reported; a penta-
aqua-GMP-Ca(II) trihydrate' , a trihydrate 12 , a disodium heptahydrate determined 
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Figure 5-1: The purines (a) cytidine 5'-monophosphate (CMP) and (b) thymidine 5'-monophosphate 
(TMP) (not shown uridine 5'-monophosphate (UMP) which is TMP minus the methyl group), and the 
pyrimidines (c) guanosine 5'-monophosphate (GMP), and (d) adenosine 5'-monophosphate (AMP) 
with the three torsion angles 4, x and i  and all in the anti-conformation. 
The phosphodiester backbone consists of the sequence P-0(5)-C(5)-C(4) 
C(3)-0(3)-P. The main conformations of the sugar are the envelope (E) or twist (T) 
form (see Figure 5-2e)' 8 . Variations are common and are described by the orientation 
the substituents at C(3) and C(2) in terms of endo and exo (see Figure 5-2), but the 
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Figure 5-2: The conformations of the furanose ring; (a) the 3 main conformations envelope , planar 
and twist, the puckering is described by the atom being most out of the plane described by the atoms 
C(1)-O(1)-C(4)and the attached hydroxyl group, (b) the C(3) exo, (c) C(2) endo, (d) C(2) exo and (e) 
C(3) endo ' 
structure adopted is often an intermediate between these extremes. The torsion angle 
around the 3-g1ycosyl bond 0(1)-C(1)-N-C(6)/C(9) has two main orientations; syn 
and anti. In the anti-conformation the bulk of the base points away from the sugar 
and in the syn-conformation towards the sugar. The torsion angle P C(3R)-C(4R)-
C(5R)-0(5R) is normally gauche and 4' C(4R)-C(5R)-0(5R)-P(1) trans. 
As is well known, the ribonucleic acids are the building blocks of RNA and 
the deoxyribonucleic acids of DNA. The only differences are the hydroxyl group at 
C(2) (D -ribose and D-2-deoxyribOSe) and the replacement of uracil in RNA for 
thymidine in DNA. Both RNA and DNA only have one 0(3)-P(1) bond in the 
phosphodiester backbone to keep the nucleic acids in a single strand. The three 
dimensional shape of DNA and RNA is not induced by this single bond but by the 
hydrogen bonding possibilities of each of the acids which results in the helices. The 
most famous of all is the Watson-Crick base pairing of G-C and A-T / U 20, which are 
used by Nature. 
Both the purines and the pyrimidines have numerous other hydrogen bonding 
possibilities  .21,22  There are also possibilities of hydrogen bonding in homo-base 
pairs  21,23  and this might be observed in the structures of the single nucleic acids. The 
waters observed in all four structures will be reported but only discussed if their 
presence has a significant influence. 
5.2 BRUCINIUM CYTIDINE-5 '-MONOPHOSPHATE 
5.2.1 Crystal Structure Determination 
Crystals were obtained from a supersaturated aqueous solution of 1 and CMP 
prepared by heating overnight. A well formed crystal was picked from a batch of 
colourless blocks. The unit cell of the crystal was determined to be primitive 
orthorhombic with a = 12.635(3)A, b = 16.298(3)A, C = 30.840(8)A (V = 6351(2)A 3) 
from 80 reflections with 40 :~ 20 :!~ 45 and at T = 220 (2)K. 
A total of 5205 reflections was collected with 3918 reflections F 0 > 6cr, 741 
reflections 2a <F 0 < 6a and 546 reflections F 0 < 2 (1/a = 14.13). The spacegroup 
was determined from the systematic absences in the hOO, h= odd, 001, 1 = odd regions 
to be P2 1 2 1 2. This meant rearranging the unit cell with the following matrix (010 001 
100) with c becoming b, a becoming c and b becoming a (see Table 5-1). The 1E 2-1I = 
1.034 is unusually high for a non-centrosymmetric spacegroup, but can be explained 
by the existence of an pseudo-inversion centre in the unit cell caused by the brucines. 
For the structure solution and refinement a total of 5143 independent 
reflections was used. The structure solved to contain two bruciniums, 1 CMP and 
12.5 waters per asymmetric unit of 7 (complete crystallographic data for 7 are given 
in Table 5 - 1) 
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Table 5-1: X-ray Crystallographic data for 7 
Empirical form ula 2(C23J427N204) + (C9H10N308 )2± 
12.5(H20) 
Formula weight 1336.31 
Crystal system Monoclinic 
Space group P2 1 2 1 2 
Unit cell dimensions a = 16.298(3)A 
b = 30.840(8)A 
= 12.635(3)A 
v,A 3 6351(2) 
Z 4 




cryst. dim., mm 0.40 x 0.40 x 0.40 
1.181 
scan type o)—O (with Learnt Profile) 
Omax 60.35 
refi measured 5205 
indep. refl. 5143 
no. ofparams ref. /restraints 849/420 
refl,I>2o1 4277 
RI, I> 2o(I) 0.0622 
wR2, all data 0.1924 
Flack parameter 0.11(6) 
mm and max el. dens., A 3 -0.340 and 0.526 
Weighting scheme 0.1046 + 9.1928 
extinction coefficient 0.00040(8) 
All non hydrogens were refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with isotropic thermal parameters 
1.2 or 1.5 times of the atom attached. The hydrogens of the two methyl groups C(22) 
and C(23) of each brucine were calculated to maximise the sum of electron density at 
the hydrogen positions. The hydrogens on the water molecule were placed to form 
hydrogen bonds to the nearest acceptors with the restriction of an appropriate angle 
and restrained in the positions most likely to hydrogen bond. 
The two waters 0(10W) and 0(12W) are positioned with a site-occupancy of 
one half at special positions and thus have only one hydrogen per asymmetric unit. 
The brucine and the water atoms are restrained to have the same Ujj components 
(SHELXL SIMU command with e.s.d.'s of 0.02 and 0.02). 
5.2.2 Molecular geometry and Crystal Packing• 
5.2.2.1 Brucine 
The two bruciniums are virtually isostructural. The relatively flexible 
methoxy groups show no changes from the normal. The methoxy ring angles show 









The four corresponding torsion angles indicate that the methoxy groups lie within the 
plane of the aromatic ring, with only the C(22')-0(3') methoxy group bending out of 
the plane with an angle of 4.8°. 
C(22)-0(3)-C(3)-C(2) 	-2.2(12) 	 C(22')-O(3')-C(3 )-C(2') 	-4.8(11) 
C(23)-0(4)-C(4)-C(5) -3.3(14) C(23')-0(4)-C(4')-C(5') -1.6(10) 
The three bond lengths around the protonated N(2) are within the usual range: 
N(2)-C(15) 	 1.495(9) 	 N2'-C 15' 	 1.489(10) 
N(2)-C(10) 1.506(8) NT-C 10' 1.513(9) 
N(2)-C(9) 	 1.531(8) 	 N2'-C9' 	 1.544(9) 
the sequence of bond lengths being N(2)-C(9) > N(2)-C(1O)N(2)-C(15). 
5.2.2.2 Cytidine -5'- MonoPhosphate 
The structure of CMP is well defined with no disorder. The conformation of 
the furanose ring is near the C(2) endo 
Figure 5-3: Showing the CUP 
conformation with the numbering 
scheme. 
conformation (see Figure 5-3). The angle x 
defining the torsion C(2C)-N(1C)-C(1R)-
0(4R) is 124.5(7)° indicating that the CMP is 
in the anti-conformation. The torsion angle w 
C(3R)-C(4R)-C(5R)-0(5R) 39.6(8) is gauche 
and 4) C(4R)-C(5R)-0(5R)-P(1) 157.4(4) trans. 
The CMP Ba(II) structure reported by Hogle et 
a12 shows the barium bonded to the hydroxyl 
groups on the furanose ring and once to the 
carbonyl group on the pyrimidine. The CMP's have the following angles w = 540 and 
490 4) = 176' and 172° and x = 1390 and 138 ° . This means that the conformations are 
comparable to those reported here. The only discrepancy between the structures is the 
longer bond length found here for P(1)-0(5R) of 1.616(5)A compared to 1.50A in 
Ba(H) CMP structure. 2 This structure has discrepancies between the 2 CMP 
molecules in the asymmetric unit. The least squares overlay of the CMP reported here 
and the two by Hogle et a1 2 are shown in Figure 5-4. The weighted RMS deviations 
between the CMP's, taking the whole structure except the phosphate oxygens into 
account, are 0.23A (a) and 0.35A (b). This confirms that there is little difference 






Figure 54: The least squares overlay of the CMP found here (in full) and the CMP's found by Hogle 
et a1 2 (in dotted lines). 
5.2.2.3 Molecular packing 
In Figure 5-8 a previously unreported brucine motif is seen. The structure is 
dominated by the opposing brucinium layers. Looking more carefully the brucine layer 
is built up out of brucine ribbons. The layers run in oppsite directions because they are 
related by the screw-axes along b and a. The 2-fold axis along c and the 2 bruciniums 
per asymmetric unit create the opposing ribbon. The brucine ribbons, oppositely 
placed on top of each other by the 2-fold axis, create a layer with dimples. 
F a - 	 bxc b axc c bxa 
LI 100.5 79.5 64.3 115.7 152 28 
P1 155.6 24.4 114.3 65.7 90.8 89.2 
LI' 79.5 100.5 114.7 65.3 152.9 27.1 
P1' 154.1 25.9 115.8 64.2 88.8 91.2 
Figure 5-5: Showing the unit cell directions (with their normals) and the lines Li, Li'. Pi (0.4120y0 
+ 0.0139z0) and Pt' (0.4357yo - 0.0211z 0) describing the brucinium position in the unit cell of 7. 
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The brucine puckering distance here is a = 12.635(3)A. The angle of both 
bruciniums (defined by Li and Li') with b is near 300  (see Figure 5-5) resulting in 
angle between the two of 124.8°. The thickness of a layer here is not defined by one 
but by two ribbons which is equal to b = 16.298(3)A (see Figure 5-7). Half of the c 
cell dimension of 30.840(8)A is the distance between two brucinium layers. The 
brucinium layers have opposing polarities. A full description of the positioning of the 
bruciniums in the unit cell is given in Figure 5-5. Most striking is the enormous tilt 
both brucines have with a of 24.4° and 25.9° respectively. Although the 'prime' 
brucinium is rotated 180° around Li' in comparison with the 'non-prime' the 
direction of Pi and P1' remains the same. 
The environment of the brucinium head is different to that seen previously 
since the brucinium ribbons are out of phase. A brucinium in a ribbon can therefore 
only have close contacts either up or down (see Figure 5-6). The environment of both 
molecules will be the similar due to the pseudo screw-axis around c creating the 
second brucine in the asymmetric unit. The environments for both bruciniums are 




O(3)-C(1 l') 3.869A 




C(3)-0(2') 	3.804A 	O(4)-C(1 1') 	3.719A 
C(4)-N(1') 4.137A 0(4)-N(l') 3.500A 
C(3')-O(2) 	3.785A 	0(4')-N(l) 	3.404A 
C(4')-N(l) 3.932A 0(4')-C(l I) 3.625A 
Figure 5-6: Showing and giving the contact distances for 0(3), 0(4) 7 C(3) and C(4) and the 
respective 'primes' (Note that the environment for the 'prime' is rotated 180° around c in the picture 
on the right and a brucimum has only one brucinium neighbour in this ribbon stacking). 
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Figure 5-7: View along the b-axis of 7 showing a brucimum layer built up out of 2 brucinium 
ribbons and with b equal to thickness of the brucinium layer. 
I 
Figure 5-8: View along the a-axis showing 7 without the water but showing the phosphate N(2) 
hydrogen bond. 
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In Figure 5-8, 7 without waters can be seen looking down a. The asymmetric 
unit contains sixteen independent water positions with two at special positions 
0(10W) and 0(12W) and three others at half, one at a quarter and one with three 
quarters occupancy. This all results in a complex water hydrogen bonding network. 
The expected hydrogen bonding between the phosphate group and N(2) exists and 
even binds to both brucines in different layers. Both brucinium layers are thus joined 
together by hydrogen bonding with the phosphate group of CMP. Besides these 
hydrogen bonds both bruciniums and the CMP are surrounded by water, leaving no 
opportunity for other brucinium-CMP or CMP-CMP hydrogen bonding. Even the 
furanose hydroxyl groups bind to water. 
Table 5-2: Selected hydrogen bonds found in 7. 
D-IL.A d(D...A) <(DHA) 
N(2) ... O(2PH)#1 2.653(7) 174.5 
N(29 ... O(JPH)#2 2.707(8) 161.7 
N(4C) ... O(5W)#3 3.117(10) 162.0 
O(2R) ... O(JW)#2 2.832(7) 163.8 
O(3R) ... O(3W) 2.702(7) 166.6 
O(IW) ... O(JPH) 2.738(7) 178.4 
O(2W) ... O(3R)#5 2.770(7) 167.9 
O(2W) ... O(1PH) 2.749(7) 178.8 
O(3W) ... N(3C)#5 3.009(8) 143 
O(5W) ... O(3PH) 2.656(9) 179.2 
D-H...A d(D...A) <(DHA) 
0(6W) ... 0(2 C) 2.767(8) 164.9 
0(7W) ... O(19#1 2.828(8) 178.6 
0(8W) ... N(4C)#9 3.115(12) 179.4 
0(10W);..0(49 2.889(7) 179.7 
0(11W) ... 0(2R#1 2.815(10) 179.2 
0(12W)...0(4)#1O 2.854(9) 178.9 
0 (13 W) ... 0(2PH) 2.736(10) 177.6 
0(14W) ... 0(3PH)#9 2.849(9) 179.3 
0(16W) ... 0(2PH)#1 2.81(3) 178.5 
Symmetry transformations used to generate 
#1: -x+1,-y+1,z 	 #2: x-1/2,-y+3/2,-z+1 
#4: -x+ l/2,y+l /2,-z #5: x+ 112,-y+3/2,-z+ 1 
#7: -x,-y+1,z+1 	 #8: -x+1,-y+1,z+1 
#10: x,y,z+1 




5.3 BRUCrNIUM THYMIDINE 5'-MONOPHOSPHATE 
5.3.1 Crystal Structure Determination 
Crystals were obtained after three weeks from a supersaturated aqueous 
solution of 1 and TMP. A well formed block was chosen from a batch of colourless 
blocks. The unit cell of the crystal was determined to be C-centered monoclinic with 
a = 34.628(7)A, b = 12.324(3)A, c = 15.505(3)A and 3 = 111.56 (3)° (V = 
6154(2)A3) from 48 reflections with 40 20 :~ 44 and at T = 220 (2)K. 
A total of 5451 reflections was collected with 4770 reflections F0 > 6cr, 438 
reflections 2a < FO < 6a and 243 reflections F 0 < 2c (mean <1/cy> = 31.48). The 
spacegroup is uniquely defined as C2. The 1E 2-lI = 0.785 value indicates a normal 
non-centrosymmetric structure. 
For the structure solution and refinement a total of 5235 independent 
reflections was used. The structure solving was problematical, despite the good 
quality of data. The structure was eventually solved by CRUNCH. 24 The structure 
showed two brucines, 1 TMP and 12.5 waters per asymmetric unit of 8 (all the 
crystallographic data for 8 are given in Table 5-3) 
All non hydrogens were refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters 1.2 or 1.5 times of the atom attached. The two methyl groups C(22) and 
C(23) of each brucine were calculated to maximise the sum of electron density at the 
hydrogen positions. 
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Table 5-3: X-ray Crystallographic data for 8 
Empiricalformula 2(C23H27N204  )+ + (C 1 0H23N 208P)2 + 
10.25(H20) 
Formula weight 1293.02 
Crystal system Monoclinic 
Space group C2 
Unit cell dimensions a = 34.628(7)A 
b= 12.324(3)A 
= 15.505(3)A 
= 111.56 (3)° 
V, '43 6154(2) 
Z 4 









scan width 1.16 + 0.15 tanO 
Omax 60.09 
refi measured 5451 
indep. refl. 5235 
no. ofparams ref. /restraints 887/338 
refl,I>2o1 4793 
RI, I> 2a(I) 0.0528 
wR2, all data 0.1485 
Flack parameter -0.05(5) 
min and max el. dens., A 3 -0.0360 and 0.647 
Weighting scheme 0.1066 + 5.1231 
extinction coefficient 0.00028(5) 
lb 
IU 
N(2)-C(15) 1.485(7) 	 23 




N2-C9 1.53 1(6) 	 22 
The hydrogens on the water molecules were placed and restrained to form hydrogen 
bonds to the nearest acceptors with appropriate angles. The three waters 0(12W), 
0(13W) and 0(14W) are positioned with half a site-occupancy at special positions 
and thus only have one hydrogen per asymmetric unit. The phosphate group is 
twofold disordered, which is reflected in the water positions and occupancies. 
5.3.2 Molecular geometry and Crystal Packing 
5.3.2.1 Brucine 
The two bruciniums are virtually isostructural. The relatively flexible 
methoxy groups show no changes from the normal. The methoxy ring angles show 
the methyl groups to bent away from the ring with angles; 
0(3)-C(3)-C(2) 123.9(4) 
0(3)-C(3)-C(4) 115.4(4) 






The four corresponding torsion angles indicate that the methoxy groups lie within the 
plane of the aromatic ring; 
C(22)-0(3)-C(3)-C(2) 	4.1(6) 	 C(22)-0(3)-C(3')-C(2') 	-2.6(6) 
C(23)-0(4)-C(4)-C(5) 1.4(7) C(23)-0(4)-C(4')-C(5') 1.1(7) 
The three bond lengths around the protonated N(2) lie within the expected range: 
the familiar sequence of bond lengths being N(2)-C(9) > N(2)-C( 1 0)N(2)-C( 15). 
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5.3.2.2 Thymidine 5'- MonoPhosphate 
The deprotonated phosphate group and the C(5R) is 2-fold disordered with a 
3 : 1 ratio. The structure refined to the 0.75 to 0.25 occupancy ratio, and was then 
constrained to these values. Both phosphate groups share the O(IP). The disordered 
regions were restrained to have similar bond lengths and angles (SHELX97 SAME 
command) and to have similar anisotropic displacement parameters along the 
direction of the bond (SHELX97 DELU command). The furanose ring and thymine 
base are well defined. The conformation of the furanose ring at C(2) is endo (see 
Figure 5-9). The angle x defining the torsion C(2T)-N(IT)-C(IR)-0(4R) is - 
105.2(6)° indicating that the CMP is in the anti-conformation. The torsion angles 'qi 
C(3R)-C(4R)-C(5R)-0(4P) are 58.7(10)° and 53(3)° (gauche) and 4) C(4R)-C(5R)-
0(4P)-P(1) are 165.6(6)° and 164.4(17)° (trans) for the major and minor component 
respectively. 
00000 
	 r CISL 
I 
(a) 	 (b) 
Figure 5-9: (a) The major component of the disordered TMP showing the endo-conformation with 
numbering scheme and (b) the overlay of the major component of the TMP (in full) and the TMP 
reported by Sato 4 (in dotted lines). 
The structure reported by Sato, a TMP Ca(H) complex 4, shows the phosphate 
group bent to accommodate the Ca(II) ion which bonds to the hydroxyl group at 
C(3). In Figure 5-9(b) it can be seen that the phosphate group in the TMP reported by 
Sato has a different conformation then the TMP reported here. This is reflected in the 
torsion angle N'  of -60.4(3)°. The torsion angles 4) = 153.5(2)° for the phosphate 
group and X = 65.7(4)° for the pyrimidine remain similar. This is supported by the 
weighted RMS deviation of 0.47A for both structures calculated without the 
M 
phosphate group. The conformations are thus virtually equal, with the only 
discrepancy between the structures arising from the lesser component of the 
phosphate groups. 
Figure 5-10: Showing 8 along the c-axis with the typical brucinium layering along b and the TMP 
but without the waters. 
5.3.2.3 Molecular packing 
The crystal structure of 8 is again dominated by the typical brucinium layering 
(see Figure 5-10). The structure of 8 is built up by the 2-fold rotation axis, cell 
repeat and C-centering implying a screw-axis along b and a pseudo mirror-plane 
between the brucine layers. This pseudo symmetry is the probable cause of the 
problems encountered in the solution. The unit cell repeat creates every second 
brucinium in a ribbon along b. The C-centering or screw-axis along 1/4, y, z creates 
the ribbon and the 2-fold rotation axis the layer. Although, in this unusual fashion 
created, the brucinium layers have the same polarity, the layer puckering is 'out of 
phase'. This is in comparison to the structures of 2, 4, 5, 6 and 7, which do not show 
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this unusual combination of out of phase layers with the same polarity. This packing 
creates a channel structure between the brucinium layers. 
a bxc b axc c bxa 
Li 120.6 55.9 34.1 145.9 91.8 76.4 
P1 74.5 84.1. 22 83.8 .171._4 16.7 
LI' 61.0 122.6 32.7 147.3 87.5 - 	 103.8 
P1' 69.3 89.2 JiM 21.0 
Figure 5-11: Showing the unit cell direction (or their normals) and the lines Li and Li' and the 
brucinium normals P1 (-0.1035x0 + 0 . 1080yo) and P1' (00146Yo - 0.0613z 0) describing the 
brucinium position in the unit cell of 8 
The orientation and positioning of the 2 bruciniums despite the different 
symmetry elements look similar to those in other structures. In this case the basis 
taken for the observations is the be-plane. This means that the next layer is 
positioned lower or higher due to the p3-angle. The b cell dimension of 12.324(3)A is 
a measure of the puckering. The angle between the bruciniums defined by Li and 
Li' is 113.2° (see Figure 5-11). The thickness of a ribbon is c12 = 7.7525(3)A. By 
means of these measures the typical brucinium layer is described with average 
puckering and distances. The normals of the bruciniums P1 and Pi' give the 
positioning of the bruciniums in the bc-plane and show that the bruciniums have their 
heads lifted. The bruciniums are tilted slightly with the 0(1) side coming up while 
the 'prime' brucinium is less tilted (note Figure 5-11 does not take into account that 
the non-prime brucinium is not in the same orientation as the prime molecule and 
that as a result Pi has the same orientation as P 1 '). 
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The brucinium heads have similar surroundings, as can be seen in Figure 5-12. 
Apart from 0(4), which has a longer close contact to the C(14') than 0(4') has, the 
other close contacts are in agreement with other structures. The brucinium heads are 
positioned in-between the brucine tails causing the brucinium ribbon thickness and 
puckering. This is reflected in the unit cell dimensions of 8. 
03 	 3 
3 	 C11 
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0(3)-C(10) 3.731A C(3)-C(13) 4.560A O(4)-C(11) 3.705A 
O(3)-C(11) 3.924A C(3)-0(2) 3.650A 0(4)-C(13) 4.518A 
O(3)-C(13) 3.580A C(4)-N(1) 3.804A 0(4)-C(14) 3.747A 
0(3)-0(2) 3.544A C(4)-C(14) 4.200A 0(4)-N(1) 3.375A 
0(3')-C(lO) 3.789A C(3')-C(13) 3.993A 0(4')-C(l1) 3.763A 
0(3')-C(l1) 3.827A C(3')-0(2) 3.448A 0(4')-C(13) 3.524A 
0(3')-C(13) 3.430A C(4')-N(l) 3.551A 0(4')-C(14) 3.468A 
0(3')-0(2) 3.555A ç(4')-c(14) 3.881A 0(4')-N(l) 3.244A 
Figure 5-12: Showing and giving the contact distances for 0(3), 0(4), C(3) and C(4) (not shown are 
the given distances for the C(3) and C(4)). 
The hydrogen bonding network in 8 is similar to 7. The asymmetric unit 
contains fifteen independent water positions with an overall occupancy of 12.5. This 
arises partly from the disordered phosphate group. In Figure 5-13 the hydrogen bonds 
are tabulated. An abundance of water hydrogen bonds to the brucinium, protonated 
N(2) and the TMP are evident. No homo base-pair hydrogen bonds are observed. The 
disorder in the phosphate group might be explained by the hydrogen bonding 
network. 
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D-H...A d(D...A) <(DHA) 
N(2)L.02W#4 2.674(10) 160.6 
N(2) ... 0(2P9#4 2.82(3) 137.7 
N(2) ... 0(3P 2.701(6) 167 
N(3T ... 0(4t#5 2.844(7) 168.3 
0(3R)...0(12W) 2.516(18) 173.1 
0(JW) ... 0(JP)#5 2.709(9) 179.6 
0(1W. 
... 
0(8W 2.550(12) 179.2 
0(2W...0(71f)#2 2.784(11) 137.6 
0('2W) ... 0(IP)#2 2.793(10) 138.1 
0(3W) ... 0(3R)#4 2.680(9) 179.4 
0(3W)...0(17#5 2.788(7) 178.4 
0(4W) ... 0(1P#6 2.897(9) 111.3 
0(4W...0(6H) 3.075(9) 173.2 
0(5W)...0(1) 3.101(7) 161.6 
2.916(8) 120 
0(6W)L.0(71W 3.06(2) 146.4 
0(6W)...03P1 #7 2.739(7) 158.2 
0(7W) ...0(2P)#1 2.69(3) 178.5 
0(7W...0(2W#1 2.784(11) 154.8 
0(7W ... 03W 2.743(9) 179.3 
0(8W)...0(21)#8 2.740(7) 171.4 
08W...0('14W 2.519(9) 172.2 
0(8W...0(13ø'7 3.013(16) 146.6 
0(9WA) ... 0(JW)#4 2.690(15) 179.5 
0(9WA)...0(3W)#6 2.784(15) 179.4 
0(9WB) ... 0(3P')#9 2.28(3) 127 
0(9WB) ... 0(3P')#6 2.40(3) 122.7 
0(JOW) ... 0(7W)#6 2.741(13) 122.2 
0(JOW)...0(1)#7 2.803(10) 149.6 
0(119...0(6W 3.06(2) 138.8 
0(11W...0(1)#7 2.764(13) 143.4 
0(12W)...0(3R) 2.516(18) 179.5 
0(13W)...0(8W) 3.013(16) 179.7 
0(14W)...0(8W) 2.519(9) 120.1 
Symmetry transformations used to generate 
equivalent atoms: 
#1: -x+1/2.y-1/2.-z+1 #2: -x+1/2,y+1/2,-z+1 
#3: -x+2,y.-z+1 	#4: -x+1,y.-z+1 
#5: x-1/2,y+1/2,z #6: x+1/2,y+1/2,z 
#7: -x+3/2.y+1/2.-z #8: x-1/2,y-1/2,z 
#9: -x+3/2.y+1/2.-z+1 
>-.--< 
Figure 5-13: Showing the TMP as seen in the 
channels, created by the brucinium layers in 
8, and tabulated the hydrogen bonding 
distances and angles of 8. 
The phosphate group falls between the brucinium layers, while trying to bond 
to both layers. This results in the disorder with each part hydrogen bonding to a 
different bmcinium layer. These two hydrogen bonds are the only ones between 
brucinium and IMP. The waters 0(5W), 0(3W) and 0(2W) act as a intermediates 
between the acid and the brucinium by hydrogen bonding. The 0(3W) forms a 
hydrogen bond between 0(1) (on the brucinium) and the hydroxyl group on the 
furanose ring. The 0(4W) accepts from the N(3T) and donates to the 0(IP) thus 
cross-linking the pyrimidine base and the phosphate. The other hydrogen bonds all 
involve water donating to TMP or the brucmium layer and other waters. 
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5.4 BRUCINIUM ADENOSINE-5 '-MONOPHOSPHATE 
5.4.1 Crystal Structure Determination 
Crystals of suitable size and quality were obtained after several 
recrystalilisations and seeding from a supersaturated solution of 1 and AMP in a 
water ethanol mixture (1 : 1). A well formed colourless needle was chosen from a 
batch of colourless plates. The unit cell of the crystal was determined to be C-
centered monoclinic with a = 32.246(6)A, b = 12.467(3)A, c = 11.029(2)A and 13 = 
104.31(3)° (V = 4296.2(15)A3) from 70 reflections with 40 20 :~ 44 at T = 220 
(2)K. 
A total of 7306 reflections was collected with 4618 reflections F 0 > 6a, 1502 
reflections 2(y <F 0 < 6a and 1186 reflections F 0 <2a (JIcy = 11.06). The spacegroup 
was uniquely defined as C2. The 1E  2 -1I = 0.739 value confirms a normal non-
centrosymmetric structure. 
For the structure solution and refinement a total of 5763 independent 
reflections was used. The structure solved to give one brucinium, one AMP and 
fourteen waters per asymmetric unit of 9 (all the crystallographic data for 9 are given 
in Table 5-4). 
All non hydrogens were refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters 1.2 or 1.5 times of the atom attached. The two methyl groups C(22) and 
C(23) of each brucine were positioned to maximise the sum of electron density at the 
hydrogen positions. The hydrogens on the water molecule, although found in the 
difference map, were idealised to form hydrogen bonds to the nearest acceptors with 
the restriction of an appropriate angle and restrained in these positions. The water 
0(13W) is positioned with a quarter of a site-occupancy at a special position and thus 
only has one hydrogen per asymmetric unit. The phosphate group is twofold 
disordered, which is shown in both the water positions and occupancies. 
113 
Table 5-4: X-ray Crystallographic data for 9 
Empirical formula (C23H27N204 
 ) 	
+ (C 10F1 13N507 P 1 ) 	 + 
14(H 20) 
Formula weight 1864.72 
Crystal system Monoclinic 
Space group C2 










cryst. dim., mm 0.58 x 0.19 x 0.16 
P, mm 1.348 
scan type coo 
scan width 1.2 + 0.15 tanO 
Omax 70.26 
refi measured 7306 
indep. refl. 5763 
no. ofparams ref/ restraints 597/1 
refl,I>2a1 4221 
RI, I>2a(I) 0.664 
wR2, all data 0.1825 
Flack parameter -0.03(5) 
min and max el. dens., A 3 -0.397 and 0.365 
Weighting scheme 0.01130+0 
extinction coefficient 0.00074(11) 
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5.4.2 Molecular geometry and Crystal Packing 
5.4.2.] Brucine 
Again the two bruciniums are virtually isostructural. The methoxy ring angles 
show that the methyl groups bent away from the ring with angles; 
0(3)-C(3)-C(2) 	123.9(6) 	 0(4)-C(4)-C(5) 	124.8(6) 
0(3)-C(3)-C(4) 115.2(6) 0(4)-C(4)-C(3) 115.2(5) 
The corresponding torsion angles indicate that the methoxy groups lie within the 
plane of the aromatic ring; 
C(22)-0(3)-C(3)-C(2) 	-1.7(8) 
C(23)-0(4)-C(4)-C(5) 1.2(8) 
The three bond lengths around the protonated N(2) have the familiar range: 
23 
N(2)-C(15) 	 1.510(9) 
N(2)-C(10) 1.522(8) 
N(2)-C(9) 	 1.527(8) 
22 
Wd 
the sequence of bond lengths is less pronounced and the N(2)-C( 10) bond length is 
closer to N(2)-C(9) then N(2)-C(15). 
5.4.2.2 Adenosine 5 '-monoPhosphate 
The partially deprotonated phosphate group, the furanose ring and adenosine 
base are well defined. The phosphate group has a twofold disordered hydrogen on 
0(1 P) and 0(2P). The disorder is reflected in that the bond length of these oxygens to 
the phosphorus are longer than that to 0(4P). The conformation of the furanose ring 
is close to the C(2R) endo conformation (see Figure 5-14). The endo orientation is 
the most common orientation of the furanose rings in AMP. The C3' endo is another 
frequently occurring conformation. The angle x defining the torsion C(2A)-N( 1 A)- 
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Figure 5-14: The AMP conformation keeping 
the C(1)-O(1)-C(4) planar with numbering 
scheme 
C(1 R)-O(1 R) is -1 37.5(5)' indicating 
that the CMP is in the w,ii 
conformation. The anti conformation 
of the purine base, enhanced by its 
bulk, is the usual orientation as can be 
seen in Figure 5-14. The torsion angle 
C(3R)-C(4R)-C(5R)-0(3P) 
44.9(7)° is gauche and 4) C(4R)- 
C(5R)-0(3P)-P( 1) 130. 5(5)° trans. 
The orientation of the phosphate 
group is more varied, as expected for 
a group with less bulk. The overall orientation of the angles 4) and ti is usual trans 
gauche. 
Table 5-5: The reported conformations of AMP and the conformation found here 
4) 0 )4J0 endo/exo 
Here -137.5 anti 130.5 trans 44.9 gauche C(2R) endo 
Ni(II) hydrate 9 -144.9 anti gauche gauche C3' endo 
Pt(II)bipvridine ethvlenediamine hydrate 25  -110.9 anti trans gauche C2' endo 
Orthorhombic hydrate 72.5 anti 137.3 trans 62.3 gauche endo 
Monoclinic hydrate 6 25.7 anti 177.2 trans 40.0 gauche endo 
Pt(II)(C1) 2 Pyridine 5 140 anti 156 trans 39 gauche C2'endo 





(a) 	 (b) 
Figure 5-15: The overlays of the AMP found here (in full) and (a) in monoclinic hydrate and (b) the 
orthorhombic hydrate (in dotted lines). 
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The least squares comparison between the AMP's used the monoclinic and 
orthorhombic hydrates as references. These structure are chosen to decrease the 
probability of the phosphate group folding due to external factors (the overlay of the 
TMP in 8 was hindered by the TMP folding around a cation). The overlays are shown 
in Figure 5-15 (a) and (b) for the monoclinic and orthorhombic forms respectively. 
The weighted RMS's calculated disregarding the phosphate group are 1.52 and 0.55A 
for the monoclinic and orthorhombic respectively. The difference between the 
monoclinic structure and that reported here arises from the C3' endo conformation in 
the monoclinic form. The orthorhombic structure shows a better correlation in all but 
the phosphate group. 
/ 
I! 
Figure 5-16: The brucinium ribbons observed in 9 puckering along b. 
5.4.2.3 Molecular packing 
The molecular packing of 9 is not dominated by the brucine packing (see 
Figure 5-16 ). The brucine ribbons are still present but are separated by the homo 
base-pairing. The brucine ribbons are not packed as seen in 7 or 8 but are separate 
entities. Each ribbon is surrounded by AMP and water (see Figure 5-19) and the 
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AMP layers form hydrogen bonds between those of brucine (see Figure 5-20). The 
purines are placed directly under the bruciniums, although it-stacking is not observed 
either between the brucinium and the adenine or between the adenines. The 
phosphates are orientated between the layers formed by the bruciniums and adenines. 
The furanose rings are placed beside and below a brucinium in between the 'wave-
tops'. 
The orientation of the brucines is indicated by the b-axis of 12.467(3)A which 
reflects the degree of puckering seen in 9. The c cell dimension of 11.029(2)A is not 
an index of the brucine ribbon thickness but the distance between the ribbons with 
the homo base-pairing in between. The ribbons are built up as described for 8 but 
here with only one brucinium in the asymmetric unit. The next ribbon is formed by 
the c-centering or the 2-fold rotation axis along b. The second brucinium up in the 
ribbon is created by the unit cell repeat. 
a bxc b axc c bxa 
LI 	122.0 59.1 148.0 32.0 82.6 89.9 
P1 84.4 81.3 93.4 86.6 170.7 6.6 
Figure 5-17: Showing the unit cell directions, the line LI and the brucinium normal P1 (-0.15 13x 0 + 
0.0583y0) all describing the brucinium position in the unit cell of 9 
The angle P here, as in 8, indicates the difference in relative height of the 
brucinium ribbons. The bc-plane is taken as the basis of the observations made for 
the orientation of the brucine in the 'layer' (ribbon). The degree of puckering in the 
ribbon as observed by the angle with b is 32.0 0 . The angle between two bruciniums is 
therefore 116.0°. The full description of the brucinium position can be seen in Figure 
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5-17. The brucinium has a tilt in the bc-plane of 8.7° leaning over to the left (non 
0(1)-side) while the head appears to be down. The orientation of the brucinium has 
no other striking properties. 
- 7N 
02) 
0(3)-C(1O) 3.695A 	 C(3)-0(2) 	3.469A 	 0(4)-C(1 1) 3.675A 
0(3)-C(11) 3.876A C(4)-N(1) 3.737A 0(4)-N(1) 	3.259A 
0(3)-0(2) 	3.507A 
Figure 5-18: Showing and giving the contact distances for 0(3), 0(4), C(3) and C(4) (not shown are 
the given distances for the C(3) and C(4). 
The head to tail interactions of the brucine are tabulated in Figure 5-18. As in 
7, the brucinium only has one neighbour which is either up or. The distances cannot 
be related to the c-cell dimension but it is apparent that all the close contacts are 
within the expected range or shorter. The distance between 0(4)-N(1) of 3.259A is 
particularly close. 
As mentioned above the adenines show homo base-pairing. The purine has 
better hydrogen bonding possibilities than the pyrimidine bases. The base pairing 
seen here is different to that seen before since the purines create a sheet. The most 
important hydrogen bond between the purines is N(6A) ... N(3A), which forms the 
sheets (see Figure 5-20). The hydrogen bond between 0(2R). . .N(5A) further 
strengthens sheet. The sheet is stabilised by one other disordered hydrogen bond. The 
phosphate group hydrogen bonds by means of the twofold disordered hydrogen on 
the 0(1P) to 0(1P) (see Table 5-6). This hydrogen bonding is enhanced by the weak 
hydrogen bonding between both 0(1P) and 0(4P) to the C(5R) with distances of 
3.008A and 3.423A respectively. In this fashion the AMP units are interconnected to 
form one big sheet (see Figure 5-21). Homo base-pairing is not observed in the AMP 
structures found in the CCD and the base-pairing here can not be formed in the 






o_ c?  
Figure 5-19: View along b showing the brucine ribbons surrounded by the AMP sheets (note the 
phosphate-phosphate group hydrogen bonds inter-connecting the AMP sheets). 
' 
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Figure 5-20: The sheets formed by the distorted homobase-pairing by the AMP's in 9. 
The only interaction between the brucinium ribbons and the AMP sheet is the 
ionic bond between the protonated N(2) and deprotonated 0(4P). No other hydrogen 
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bonds exists between the brucinium ribbon and the waters, so 0(1) forms no 
hydrogen bonds (see Table 5-6). 
_\ kp - 
4'T 
- -- 
Figure 5-21: View along the b-axis showing the AMP sheets with clearly showing the O(1P) 
interactions (Hydrogens on phosphate omitted) and the C(5R)-O( 1 P) weak hydrogen bond. 
Table 5-6: The proposed hydrogen bonding network in 9. 
D-H...A d(D...A) <(DHA) 
N(2)...0(4P) 2.678(7) 172.3 
N(6A) ... N(3A)#2 2.970(8) 145 
0(2R) ... N(5A)#3 2.850(6) 157.8 
03R)...0(2W)#4 2.737(7) 115 
0(IP)... 0(1P#13 2.599(7) 163.89 
0(2P)... 0(39)#14 2.772(8) 137 
O(JW) ... N(8A)#5 2.835(7) 172.6 
0(I If) ... 0('2W) 2.885(8) 114.2 
0(311')... 0(1W) 2.720(7) 142.5 
0(4W) ... 0(71f) 2.785(9) 130.7 
0(411') ... 0(4P)#6 2.806(8) 135.5 
0(5W)...0(4P) 3.210(11) 152.8 
015  F"... Opp) 3.061(14) 130.5 	-. 
D-H...A d(D...A) <(DHA) 
10(5H9  2.98(3) 145.2 
0(6W) ... 0('4W)#8 2.786(11) 117.9 
0(7W)... 0(2R)#5 2.786(8) 166 
0(811)...0(6W)#9 2.855(14) 157.5 
0(9W) ... O(IP)#IO 2.902(10) 178.82 
0(9W) ... O(1W4 2.974(11) 179.07 
O(IOW) ... 0(IW)#4 2.664(9) 179.52 
0(IOW) ... 0(6W)#1I 2.729(10) 179.55 
0(1IJI') ... 0(7W)#8 2.757(13) 113.55 
0(1211) ... 0(12W)#J 2.473(14) 122.11 
3.009(13) 169.74 
Symmetry transformations used to generate equivalent atoms: 
#1: -x,y,-z+1 	 #2: -x+312,y+1/2,-z+1 	#3: -x+3/2,y-112,-z+1 
#4: x+1/2,y-3/2,z 	 #5: x-1/2,y+1/2,z 	#6: -x+1/2,y+1/2,-z+1 
#7: -x+1,y,-z+1 #8: x,y+1,z 	 #9: x+1/2,y-3/2,z-1 
#10: x, y-1, z 	 #11: x+1/2, y-3/2, z-I 	#12: x-1/2, y+3/2, z 
#13:-x+1,y,-z #13:x+112,y-1/2,z 
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5.5 BRUCINJUM GUANOSINE 5'-MoNoPHosPi-L&TE 
5.5.1 Crystal Structure Determination 
Crystals of suitable size and quality were obtained after several 
recrystalilisations and seeding from a supersaturated solution of 1 and GMP in a 1 : 1 
water and ethanol mixture. A well formed colourless lath was picked from a batch of 
colourless plates. The unit cell of the crystal was determined to be primitive 
monoclinic with a = 10.458(3)A, b = 12.049(9)A, c = 29.416(9)A and 3 = 97.46(3) 0 
(V = 3675.3(13)A 3) from 46 reflections with 40 :! ~- 20 :!~ 44 and at T = 120 (2)K. 
A total of 14503 reflections was collected with 9372 reflections having F 0 > 
6cr, 2840 reflections 2cy < FO < 6a and 2291 reflections F. <2cr (I/a = 8.85). The 
spacegroup was determined from the systematic absences in the OkO, k= 2n + 1 to be 
P21. The JE2 - fl = 0.741 value indicates a normal non-centrosymmetric structure. 
For the structure solution and refinement a total of 6673 unique reflections 
was used. The structure solution showed two bruciniums, two GMP's and sixteen 
water positions per asymmetric unit of 10 (all the crystallographic data for 10 are 
given in Table 5-7). 
All non hydrogens were refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the atoms to which they are attached with the isotropic thermal parameters 1.2 or 1.5 
times of the atom attached. The two methyl groups C(22) and C(23) of each brucine 
were calculated to maximise the sum of electron density at the hydrogen positions. 
The hydrogens on the water molecule were placed to form hydrogen bonds to the 
nearest acceptors with the restriction of an appropriate angle and restrained in the 
positions most likely to hydrogen bond. 
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Table 5-7: X-ray Crystallographic data for 10 
Empirical formula (C23HN204)± (C 10H 13N508 P 1 ) 
+ 10.76 (H20) 
Formula weight 854.66 
Crystal system Monoclinic 
Space group P2 1 











cryst. dim., mm 0.51 x 019 x 0.06 
p,mni' 1.456 
scan type o—O (with Learnt Profile) 
9max 70.17 
refi measured 14503 
indep. refl. 6673 
no. ofparams ref. /restraints 1270/601 
refl,I>2ciI 5005 
RI, I> 2a(I) 0.0671 
wR2, all data 0.1769 
Flack parameter -0.02(5) 
min and max el. dens., A3 -0.572 and 0.588 
Weighting scheme 0.0693 + 8.9837 
extinction coefficient 0.00039(10) 
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One of the GMP's is twofold disordered with a 61.8(5)% : 38.2(5)% disorder 
ratio. The 2-fold disordered GMP has 4 atoms in common; 0(5G') 0(4P') O(1R') 
C(5R'). The disorder is also reflected in the waters. Of the 16 independent water 
positions 6 positions are fully occupied and the other 10 are disordered. The 
occupancies of these waters and the second GMP are related. Both the GMP's and 
the waters were restrained to have similar anisotropic displacement parameters 
(SHELX97 SIMU command). 
5.5.2 Molecular geometry and Crystal Packing 
5.5.2.1 Brucine 
The two bruciniums are virtually isostructural. The methoxy ring angles show 
the methyl groups to bend away from the ring with angles; 
0(3)-C(3)-C(2) 
0(3)-C(3)-C(4) 
0(3 ')-C(3 ')-C(2') 









23 116.5(7)  
125. 8(7) 	 4 
114.8(7) 





The four corresponding torsion angles indicate that the methoxy groups lie within the 
plane of the aromatic ring; 
C(22)-0(3)-C(3)-C(2) 	6.6(10) 	 C(22')-0(3 ')-C(3 ')-C(2') 3.1(12) 
C(23)-0(4)-C(4)-C(5) 4.0(10) C(23 ')-0(4')-C(4')-C(5') 5.4(11) 
The two pairs of the three bond lengths around the protonated N(2) lie in the familiar 
range: 
N(2)-C(15) 1.501(10) 












again the sequence of bond lengths is less pronounced and the N(2)-C( 10) bond 
length is closer to N(2)-C(9) than N(2)-C(15). 
5.5.2.2 Guanosine -5'- Mono Phosphate 
The partially deprotonated 
phosphate group, the furanose ring and 
adenosine base are well defined in the 
non primed GNP and the single primed 
GMIP. The conformation of the 
furanose ring of the most well defined 
GNP's approximates to the uncommon 
envelope conformation (see Figure 5-
22). The double prime GMP is in the 
C(2R) endo conformation. The angles 
for X defining the torsion C(2A)-N( IA)-
C(1R)-O(IR) are 60.9(10)°, 65.3(18)' 
and -112(3)' indicating that the GMP's 
are all in the anti-conformation, 
although the -120(3)° torsion angle is 
large its position is still anti. The anti 
conformation of the purine base, 
enhanced by its bulk is the usual 
orientation as can be seen in Figure 5-
22. The torsion angles i C(3R)-C(4R)- 
(c) 
Figure 5-22: showing the orientation and 
numbering scheme of all three GNP's with (a) 
non-prime, (b) single-prime and (b) double - 
prime GMP. 
C(5R)-0(3P) and 4i C(4R)-C(5R)-0(3P)-P(1) are trans. The trans w torsion angle is 




(\: 	 ( 
Table 5-8: The reported conformations of AMP and the conformation found here. 
çO  endo/exo 
non-prime 60.9(10) anti 93.6(7) trans -173.8(6) trans E 
prime 65.3(18)anti 171.1(15)trans -167.4(16)trans E 
double prime -112(3) anti 174(3) trans -178(2) trans C2 endo 
Na (1) hydrate" 56.2 anti 172.0 trans 56.8 gauche C2 endo 
57.4 anti 169.3 trans 56.18 gauche C2 endo 
Na (0 hydrate 13 55.5 anti 171.9(3)trans 55.5(6) gauche C2 endo 
57.4 anti 169,8(3) trans 55.1(6) gauche C2 endo 
Hydrate 12 -12.4anti - 45.9 gauche C3 endo 
Cd (II) hydrate" 13 anti 153.7 trans 48.6gauche C3 endo 
The logical choice for structural comparison would be the hydrate, but the 
reported GMP hydrate shows the incorrect hand. For this reason one of the multiple 
disodium heptahydrates determined by Barnes et al is chosen". The comparison 
between the two structures is done on the two major fragments found here and the 
two reported by Barnes. The weighted RMS deviation of the GMP's (the two major 
parts) reported here is 0.25A. The non-prime GMP here gives deviations of 0.98 and 
0.42A , the major part of the disordered GMP gives a deviation of 0.67A with both. 
The bigger deviations are caused by the uncommon envelope shape of the furanose 
ring which is instigated by orientations of the phosphate group and the punne. 
(a) 	 (b) 
Figure 5-23: Overlays of (a) (typical) a GMP reported here (in full) and one by Barnes (in dotted lines) 
showing the phosphate group different orientation and (b) the two major components found here. 
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5.5.2.3 Molecular packing 
The molecular packing of 10 is not dominated by the brucine packing. The 
brucine ribbons are still present but separated by the homo base-paired GMP's (see 
Figure 5-28). The brucine ribbons are not packed as in 7 but are separate entities 
similar to those seen in 9. Each ribbon is surrounded by GMP and water (see Figure 
5-28). The GMP forms hydrogen bonded layers between the bruciniums with the 
purines placed directly under the brucimums. The purine brucinium interaction can 
be classified as 7t-stacking with the brucine-head to purine distance 3.5 - 4 A. The 
phosphates are orientated between the layers formed by the bruciniums and 
guanines, with the furanose rings placed besides but below a brucine in the 'wave-
tops'. 
Figure 5-24: View along the a-axis showing the anti-parallel brucmium ribbons forming a channel 
structure. 
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The orientation of the brucines is indicated by the b-axis of 12.049(8)A which 
gives the degree of puckering. The a-cell dimension of 10.458(3)A reflects the 
distance between the ribbons with the homo base-pairing in between. The ribbons are 
built up by the 2-fold screw axis running along b. With two bruciniums in the 
asymmetric unit the screw-axis generates both brucine ribbons separately so each 
ribbons consists of prime bruciniums or of non-prime bruciniums. The orientation of 





a bxc b axe c bxa 
Li 70.0 113.6 144.6 35.4 65.2 117.9 
P1 153.9 33.3 97.9 82.1 57.9 114.8 
LI' 106.7 77.2 34.7 145.3 58.3 119.5 
P1' 159.1 14.2 97.3 82.7 102.1 70.5 
Figure 5-25: Showing the unit cell directions, the lines LI and Li' and the brucinium normals P1 
(0. 1367y0 - 0.5320;) and P1' (0. 1264y ° + 0.2101;) all describing the brucinium positions in the unit 
cell of 10. 
The angle 13  here is, just as, in 8 the cause of the difference in relative height 
between the brucinium ribbons. The ab-plane is taken as the basis of the discussion 
made for the orientation of the brucine in the brucinium layer (ribbon). The degree of 
puckering of the bruciniums in the ribbons, as observed by the angle with b, is 34.7° 
and 35.4 respectively for non-prime and prime. This results in an angle between the 
bruciniums of 110.6° and 109.2° respectively. The full description of the brucinium 
position can be seen in Figure 5-25. The tilt of the head of the bruciniums in the ab-
plane is far more then observed before and the orientation should be seen as less 
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significant. The brucinium interactions in the ribbons as seen in Figure 5-26 are the 




0(3)-C(1O) 3.680A C(3)-0(2) 3.379A 0(4)-C(11) 3.510A 
0(3)-C(fl) 3.933A C(4)-N(1) 3.508A 0(4)-N(1) 3.270A 
0(3)-C(1O) 3.494A 
0(3')-C(l 1') 3,619A C(3')-0(2') 3.552A 0(4')-C(Il') 3.535A 
0(3')-0(2') 3.870A C(4')-N(J.') 3.489A 0(4')-N(l') 3,240A 
0(3'-0(2') 3.694A 
Figure 5-26: Showing and giving the non-bonding distances for 0(3), 0(4), C(3) and C(4) (not shown 
are the given distances for the C(3) and C(4)). 
r& 
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Figure 5-27: View along a showing the homo base-pairing of the GMP creating a sheet. 
The head to tail interactions of the bruciniums is tabulated in Figure 5-26. As 
in 7 and 9 the brucinium only has one neighbour which is either up or down. The 
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neighbour is here the same brucinium generated by symmetry (a brucine ribbon is 
built up either of prime or non-prime molecules). It is apparent that all the close 




Figure 5-28: view along b showing the cage like structure created by the homo base-pairing of the 
guanine and the phosphate furanose hydrogen bonding. 
As seen for adenosine the guanosines show homo base-pairing. The base 
pairing motif seen here has been observed before 26 . It has been given the 
classification of GGI 2 (the G standing for Guanine, a sequential number 1 and a 
superscript index denoting the number of hydrogen bonds formed by the base pair. 21 
The interactions involved are the N(6G) ... N(3G) and the N(7G) .. . O(5G) hydrogen 
bonds for the major part of the crystal structure (see Table 5-9). The double prime 
GMP is a completely separate entity from the prime GMP caused by close contacts 
between symmetry equivalent molecules. This means that GMP" only forms 
hydrogen bonds with GMP". The hydrogen bonding network formed is comparable 






Figure 5-29: View along b showing the brucinium ribbons and the GMP network of 10 combined. 
The sheet created by the homo base-pairing separates the brucinium ribbons. 
The phosphate group shows the obligatory hydrogen bond to the protonated N(2), so 
that 0(4P') is fixed and not disordered. 
The phosphate group also forms a unique hydrogen bond to the hydroxyl 
group at C(2R). This hydrogen bond connects one homo basepair to the other and is 
thus creates a GNP strand. This strand emulates DNA or RNA. The difference 
between the strand here and that found in DNA or RNA is that this is a hydrogen 
bond rather than a covalent bond and the phosphate group is here bonded to the C2' 
hydroxyl instead of to the hydroxyl group at C3'. The similarities between the 
strands is the most apparent feature. 
In the cage like channel structure created by the GMP (see Figure 5-28) the 
bruciniums remain puckered. This structure is unique in showing both the brucine 
ribbons and DNA like strands. 
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Table 5-9: Proposed hydrogen bonding network with distances and angles observed in 10. 
d(D ... A) <(DHA) 
2.685(9) 170.4 
V(29 ... O('4P9#2 2.681(10) 170.5 
O(2R) ... O(4P)#3 2.773(8) 163.4 
0(3R)L0(29 2.603(12) 164.8 
V6GLN(3G)#4 2.900(11) 169.5 
V(7G) ... O(7W)#4 2.907(19) 162 
V(7G)...O(7W9#4 3.52(3) 169 
V(7G) ... O(5G)#4 3.114(11) 144.3 
V(7G) ... N(3G)#4 3.382(12) 140.1 
O(3P') ... O(4W) 2.499(19) 136.2 
O('3P7 ... O(7W)#5 3.167(19) 148.3 
0(3R9L0(2R9 2.57(3) 114 
V('6G9LN(3G9#6 2.92(2) 174.6 
N(7G9 ... O(5G9#6 3.100(16) 150 
V(7G9LO(IOW) 3.051(14) 167.1 
O(2P'9  ... O(6W)#7 2.577(19) 133.3 
O(3R'9 ... O(14W 2.79(5) 164.6 
V(6G') ... N(3G')#6 2.85(3) 168.4 
V(7G'9 ... O(i2 2.96(3) 173.6 
V(7G') ... O(32#8 3.15(2) 116.4 
2.833(11) 179.8 
0(1W)LO(7W9 2.69(4) 164.5 
O(JW) ... O(7W) 2.844(19) 172.3 
O(2W) ... O(2P')#9 2.791(16) 126.1 
O(2W) ... O(9W) 2.82(2) 135.4 
O(2W) ... O(9W') 2.72(2) 113.3 
O(3W) ... O(3RJ 3.011(15) 164.3 
9-H...A d(D ... A) <(DHA) 
O(3W) ... O(2R) 3.036(14) 120.5 
O(3W)...O(4W)#1O 2.636(19) 178.5 
O(4W) ... N(8G)#11 3.038(14) 167.7 
O(4W) 
... 
O(7W)#5 2.53(2) 147.8 
O(4W) ... O(7W9#5 2.86(4) 142.6 
O(5J39 ... O(4P)#3 2.915(9) 134.6 
O(5W) ... O(1)#3 2.787(8) 158.2 
O(6W) ... O(539#7 2.666(10) 151.5 
O(7W) ... O(2P')#12 3.011(17) 132.9 
0(7W)...0(3P9#12 3.167(19) 136.5 
O(7W9 ... O(14W)#13 2.40(4) 132.2 
O(8W) ... O(JOW)#14 2.776(17) 161.4 
O(8W) ... O(5G')#lS 2.771(13) 172.5 
O(9W) ... 0(19#1 2.82(2) 149.9 
O('9W) ... O('4P9#9 3.12(2) 148.3 
O(9W9L0(19#1 2.676(18) 142 
O(9W9 ... O(2R")#3 2.73(3) 129.1 
O(JOW) ... O(3P)#16 2.802(11) 174.6 
O(JOW) ... O(3R)#16 2.929(12) 160.8 
O(1IW...0(3W)#16 2.708(16) 179.6 
O(JJW) ... O(3P)#16 2.689(12) 179.6 
O(13W) ... O(3W)#16 2.55(2) 169.8 
O(13W) ... N(8G') 3.04(3) 134 
O(13W) ... O(JR') 3.15(2) 113.8 
O(14W) ... O(13W) 2.69(3) 153.3 
O(14W) ... O(4P9#3 2.948(17) 179.6 
Symmetry transformations used to generate equivalent atoms: 
91: -x,y-1/2,-z+1 #2:x-1,y+1,z-1 #3:x-1,y,z #4: -x-1,y+1/2,-z+1 
#5: -x+ I ,y- 1/2,-z+ I #6:-x+2,y- 1/2,-z+2 #7: x+1 ,y,z #8: -x+ 1 ,y-3/2,-z+1 
#9:x2,y,z #10: x-2,y+1,z #11: x+2,y-1,z #12:-x+1,y+1/2,-z+1 
#13: -x,y+1/2,-z+1 #14x,y+1,z #1 5:-x+2,y+112,-z+2 #l6Vx+1 ,y-1,z 
5.6 DiscussioN 
The structures 7, 8, 9, 10 all have one reoccurring feature; the brucinium 
ribbon. This always results in a cell dimension of 12A indicating the brucine ribbon 
puckering. The differences in the positioning of the ribbons is remarkable. No 
structure has a similar orientation. In 7 the brucinium ribbons are anti parallel and 
placed on top of each other creating a layer with a dimpled surface. The brucinium 
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layering in 8 is a normal layer but formed in a novel fashion showing a novel layer 
orientation. The resulting brucinium layers have the same polarity but are out of 
phase forming a channel structure. In 9 we see the same ribbons as in 8 with the 
same polarity and out of phase puckering, but formed from one brucinium per 
asymmetric instead of two. In this case the ribbons do not form a sheet but are 
surrounded by base paired AMP's. The brucinium ribbons in 10 are surrounded by 
GMP but created by a screw axis. With two bruciniums in the asymmetric unit the 
ribbons have a different polarity and amplitude creating a semi-channel structure. 
The brucinium ribbon is the reappearing feature in all four structures. 
The brucinium ribbon, which seems to be crystallised in all 4 crystal 
structures is ever present as semi-rigid feature showing a remarkable efficiency as a 
co-crystallising agent. The rigidity of the ribbon, is reflected in the puckering angle 
between the bruciniums which is approximately 300  and the head to tail interaction of 
the bruciniums and shows a remarkable uniformity. 
The base pairing possibilities of the pyrimidines is not as extensive as that of 
the purines and this is observed in their respective crystal structures. The complete 
absence of homo base-paring in CTP and TMP was not expected and can not be 
explained by means of the crystal structure. The abundance of water in both 
structures might be an explanation. However, water is one of the few solvents in 
which RNA's dissolve and the support water gives by hydrogen bonding in the 
crystal structures makes the presence of water obligatory. The base-pairing might 
have had influence on the more difficult crystallisation of 9 and 10 (plate face 001) 
by influencing the crystallisation direction in the developing of thin plates. 
The crystal structure of 10 is unique in the cooperation of the brucine ribbon 
and the strand like GMP base pairing into one super structure. It is interesting to note 
that the hydroxyl group, which disables RNA to form a double n-helix as DNA, is 
the reason of the interaction between the basepair strands. In 9 the same strand like 
base-paring with interference of the furanose ring is seen but the phosphate hydroxyl 
interaction is absent, but replaced by a phosphate interaction. 
The most heartening conclusion to be made from these results is that with 
some effort brucine co-crystallisations with previously difficult to crystallise 
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molecules can be achieved. Not only can crystallisations be achieved but due to the 
nature of the brucine packing a relative stable starting point is formed. This relatively 
stable and rigid brucine ribbon has as an extra bonus that it can adopt several forms 
which serve as a template for crystallisation. This flexibility of packing the 'rigid' 
brucine template enables the co-crystallising to occur with little change in 
conformation of the nucleotides. As is shown by the overlays the nucleotides all 
adopt conformations similar to reported in other structures and are not compromising 
by the co-crystallisations. 
Table 5-10: Bond lengths [A] for the bruciniums in 7, 8, 9 and 10 
7 8 7' 8' 9 10 10' 
N(1)-C(21) 1.366(8) 1.366(6) 1.368(11) 1.357(7) 1.356(8) 1.367(10) 1.358(10) 
N(1)-C(1) 1.416(8) 1.422(7) 1.423(8) 1.424(7) 1.418(8) 1.411(10) 1.424(10) 
N(1)-C(8) 1.486(8) 1.477(6) 1.482(9) 1.499(6) 1.503(6) 1.483(9) 1.494(9) 
N(2)-C(15) 1.495(9) 1.487(7) 1.513(9) 1.511(7) 1.510(9) 1.501(10) 1.503(11) 
N(2)-C(10) 1.506(8) 1.504(7) 1.489(10) 1.514(6) 1.522(8) 1.506(9) 1.532(10) 
N(2)-C(9) 1.531(8) 1.539(6) 1.544(9) 1.532(6) 1.527(8) 1.555(10) 1.525(9) 
0(1)-C(2 1) 1.231(8) 1.214(6) 1.219(10) 1.213(6) 1.238(7) 1.228(9) 1.207(9) 
0(2)-C( 18) 1.427(9) 1.412(6) 1.424(10) 1.456(6) 1.431(7) 1.442(9) 1.439(10) 
0(2)-C(19) 1.457(12) 1.444(6) 1.448(14) 1.430(6) 1.433(7) 1.440(9) 1.424(10) 
0(3)-C(3) 1.355(8) 1.362(6) 1.362(8) 1.368(6) 1.358(7) 1.366(9) 1.370(9) 
0(3)-C(22) 1.416(9) 1.434(6) 1.435(8) 1.429(6) 1.439(8) 1.419(10) 1.418(10) 
0(4)-C(4) 1.392(8) 1.369(6) 1.387(8) 1.383(6) 1.356(8) 1.360(10) 1.380(10) 
0(4)-C(23) 1.458(12) 1.419(7) 1.437(8) 1.427(7) 1.430(8) 1.445(10) 1.405(9) 
C(1)-C(6) 1.357(9) 1.378(6) 1.369(10) 1.376(7) 1.379(8) 1.357(11) 1.385(11) 
C(I)-C(2) 1.389(9) 1.382(7) 1.389(10) 1.384(7) 1.391(7) 1.393(11) 1.382(10) 
C(2)-C(3) 1.387(10) 1.386(7) 1.392(10) 1.386(7) 1.409(9) 1.399(12) 1.389(12) 
C(3)-C(4) 1.385(10) 1.403(7) 1.388(9) 1.400(7) 1.409(8) 1.416(11) 1.400(11) 
C(4)-C(5) 1.381(10) 1.393(7) 1.372(10) 1.371(7) 1.390(8) 1.386(10) 1.367(11) 
C(5)-C(6) 1.397(9) 1.389(7) 1.406(9) 1.409(7) 1.390(9) 1.403(11) 1.371(12) 
C(6)-C(7) 1.508(9) 1.509(6) 1.497(10) 1.509(7) 1.504(8) 1.497(10) 1.503(11) 
C(7)-C(1 1) 1.533(9) 1.532(6) 1.527(11) 1.546(6) 1.526(8) 1.540(9) 1.538(10) 
C(7)-C(9) 1.537(8) 1.539(7) 1.543(9) 1.542(6) 1.545(8) 1.520(10) 1.535(10) 
C(7)-C(8) 1.554(9) 1.556(7) 1.564(9) 1.546(7) 1.568(9) 1.558(11) 1.581(11) 
C(8)-C(14) 1.520(9) 1.533(6) 1.500(12) 1.541(6) 1.524(8) 1.513(10) 1.514(11) 
C(9)-C(12) 1.519(9) 1.505(7) 1.513(11) 1.515(7) 1.496(9) 1.515(11) 1.503(11) 
C(10)-C(11) 1.509(9) 1.510(7) 1.515(10) 1.520(7) 1.513(8) 1.511(10) 1.515(11) 
C(12)-C(13) 1.550(9) 1.533(7) 1.546(9) 1.542(8) 1.537(9) 1.522(12) 1.527(12) 
C(13)-C(14) 1.520(8) 1.521(7) 1.539(9) 1.521(7) 1.549(7) 1.538(10) 1.543(10) 
C(13)-C(16) 1.524(11) 1.523(7) 1.490(12) 1.533(7) 1.526(8) 1.529(13) 1.524(12) 
C(14)-C(19) 1.531(10) 1.538(7) 1.552(10) 1.529(8) 1.506(9) 1.519(12) 1.526(12) 
C(15)-C(16) 1.475(10) 1.489(8) 1.494(11) 1.507(8) 1.506(9) 1.523(12) 1.484(13) 
C(16)-C(17) 1.345(11) 1.336(8) 1.349(12) 1.329(9) 1.310(10) 1.310(13) 1.349(14) 
C(17)-C(18) 1.489(13) 1.483(8) 1.491(14) 1.493(8) 1.514(10) 1.510(12) 1.494(13) 
C(19)-C(20) 1.541(10) 1.554(7) 1.548(10) 1.551(7) 1.552(8) 1.550(10) 1.559(10) 
C(20)-C(21) 1.501(9) 1.520(8) 1.519(10) 1.514(8) 1.504(9) 1.501(11) 1.504(12) 
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Table 5-11: Bond angles [0]  for the bruciniums in 7, 8, 9 and 10 
7 8 7' 8' 9 10 10' 
C(21)-N(1)-C(I) 127.7(6) 124.9(4) 126.6(7) 125.8(4) 127.4(5) 125.8(6) 124.4(6) 
C(21)-N(1)-C(8) 118.5(5) 121.1(4) 119.1(6) 119.3(4) 117.4(5) 119.4(6) 119.7(6) 
C(1)-N(1)-C(8) 109.5(5) 109.3(4) 110.0(5) 109.1(4) 109.6(5) 108.5(6) 108.9(6) 
C(15)-N(2)-C(l0) 111.8(6) 111.6(4) 112.0(6) 111.8(4) 112.7(5) 113.1(7) 113.1(6) 
C(15)-N(2)-C(9) 113.6(5) 113.7(4) 113.9(6) 114.0(4) 113.2(5) 113.7(6) 113.1(6) 
C( 1 0)-N(2)-C(9) 106.9(5) 107.4(3) 108.2(5) 107.8(3) 107.0(4) 106.5(5) 107.0(5) 
C(18)-0(2)-C(19) 113.2(9) 114.9(4) 112.5(9) 115.2(4) 114.1(5) 113.7(6) 113.8(7) 
C(3)-0(3)-C(22) 117.8(6) 115.3(4) 117.4(5) 117.2(4) 115.2(5) 116.2(6) 117.5(7) 
C(4)-0(4)-C(23) 115.3(6) 116.8(4) 116.1(5) 116.5(4) 116.8(5) 114.7(6) 116.1(6) 
C(6)-C( I )-C(2) 122.2(6) 121.7(5) 122.9(6) 122.3(5) 122.4(6) 122.6(7) 122.2(8) 
C(6)-C(I)-N(1) 109.8(5) 110.0(4) 109.4(6) 109.9(4) 110.4(5) 110.2(7) 110.1(6) 
C(2)-C(1)-N(1) 128.0(6) 128.3(4) 127.7(6) 127.8(4) 127.2(5) 127.2(7) 127.5(7) 
C(3)-C(2)-C(1) 117.7(6) 118.5(5) 116.8(6) 117.7(5) 117.1(5) 117.5(7) 117.1(7) 
0(3)-C(3)-C(2) 123.8(7) 123.9(4) 123.9(6) 124.0(4) 123.9(6) 123.0(7) 122.3(7) 
0(3)-C(3)-C(4) 116.0(6) 115.4(4) 115.2(6) 115.4(4) 115.2(6) 116.3(7) 116.5(7) 
C(2)-C(3)-C(4) 120.2(6) 120.7(4) 120.9(7) 120.6(5) 120.9(5) 120.7(7) 121.1(7) 
C(5)-C(4)-0(4) 123.8(7) 124.8(4) 123.8(6) 123.7(4) 124.8(6) 125.8(7) 125.1(7) 
C(5)-C(4)-C(3) 121.5(6) 119.7(5) 121.5(6) 121.1(5) 120.0(6) 119.5(7) 119.5(8) 
C(3)-C(4)-0(4) 114.7(7) 115.4(4) 114.6(6) 115.1(4) 115.2(5) 114.8(7) 115.4(7) 
C(4)-C(5)-C(6) 117.8(6) 119.1(4) 118.2(6) 118.4(5) 119.2(6) 119.4(7) 120.6(7) 
C(1)-C(6)-C(5) 120.5(6) 120.1(4) 119.6(7) 119.7(5) 120.4(5) 120.1(7) 119.3(7) 
C(1)-C(6)-C(7) 112.3(6) 110.6(4) 112.0(6) 110.9(4) 110.8(5) 111.8(7) 111.2(7) 
C(5)-C(6)-C(7) 126.8(6) 128.9(4) 127.9(7) 129.3(4) 128.4(5) 128.0(7) 129.4(7) 
C(6)-C(7)-C(1I) 111.6(5) 111.8(4) 112.6(6) 112.8(4) 111.9(5) 113.2(6) 114.6(7) 
C(6)-C(7)-C(9) 116.7(5) 115.4(4) 115.6(6) 114.5(4) 115.4(5) 114.2(6) 115.2(7) 
C(1 I)-C(7)-C(9) 101.9(5) 102.5(4) 101.4(6) 102.0(3) 102.1(4) 102.7(6) 102.5(6) 
C(6)-C(7)-C(8) 101.8(5) 102.1(3) 102.6(6) 102.9(3) 103.2(4) 100.9(6) 101.6(6) 
C(1 1)-C(7)-C(8) 111.3(6) 111.5(4) 111.3(7) 110.2(4) 111.2(5) 111.5(6) 110.3(6) 
C(9)-C(7)-C(8) 113.8(5) 113.9(4) 113.6(6) 114.7(4) 113.4(5) 114.8(6) 112.9(6) 
N(1)-C(8)-C(14) 105.8(5) 106.4(3) 105.8(7) 105.2(3) 105.2(4) 106.7(6) 106.4(6) 
N(1)-C(8)-C(7) 104.9(5) 105.2(4) 104.2(5) 104.3(4) 103.6(5) 104.7(6) 104.1(6) 
C(14)-C(8)-C(7) 118.4(5) 117.4(4) 118.2(6) 116.6(4) 118.4(5) 117.0(6) 116.2(7) 
C(12)-C(9)-N(2) 109.8(5) 109.5(4) 109.1(5) 110.9(4) 111.0(5) 110.0(6) 111.5(6) 
C(12)-C(9)-C(7) 115.9(5) 116.2(4) 115.8(6) 115.3(4) 115.2(5) 115.6(7) 117.1(7) 
N(2)-C(9)-C(7) 105.9(5) 104.7(4) 104.6(6) 104.8(4) 105.4(5) 104.5(6) 105.6(6) 
N(2)-C(10)-C(11) 105.3(5) 105.3(4) 104.1(6) 104.4(4) 104.7(5) 105.3(6) 104.5(6) 
C(10)-C(1 1)-C(7) 104.2(5) 103.7(4) 104.8(6) 103.1(4) 104.0(5) 102.3(6) 103.3(6) 
C(9)-C(12)-C(13) 107.7(6) 109.2(4) 108.6(7) 108.3(4) 109.1(5) 108.9(7) 107.1(7) 
C(14)-C(13)-C(16) 114.9(6) 115.1(4) 116.6(7) 114.6(4) 113.7(5) 113.5(6) 113.3(7) 
C(14)-C(13)-C(12) 105.9(5) 105.9(4) 104.8(6) 106.9(4) 106.0(5) 106.3(7) 107.2(7) 
C(16)-C(13)-C(12) 108.6(6) 108.8(4) 109.6(7) 108.8(4) 110.3(5) 110.0(8) 109.1(7) 
C(13)-C(14)-C(8) 112.9(6) 112.7(4) 113.3(7) 112.8(4) 111.8(5) 112.7(6) 113.2(7) 
C(8)-C(14)-C(19) 106.6(6) 106.3(4) 107.1(7) 107.3(4) 107.3(5) 108.3(6) 107.7(7) 
C(13)-C(14)-C(19) 118.6(6) 118.3(4) 117.2(6) 118.8(4) 118.9(5) 118.7(6) 118.3(7) 
C(16)-C(15)-N(2) 108.8(5) 110.5(4) 108.6(6) 109.4(4) 109.9(4) 109.1(6) 109.1(6) 
C( I 7)-C( I 6)-C(1 5) 121.3(8) 121.6(5) 120.7(9) 121.5(5) 122.0(6) 121.8(8) 121.4(8) 
C( I 7)-C( I 6)-C(1 3) 123.2(8) 123.1(5) 123.4(8) 122.3(5) 124.3(6) 123.7(8) 122.5(9) 
C(15)-C(16)-C(13) 115.5(6) 115.2(5) 115.9(7) 116.2(5) 113.7(6) 114.5(8) 116.1(8) 
C(16)-C(17)-C(I8) 122.8(10) 123.7(5) 120.6(10) 122.8(5) 123.0(6) 121.8(8) 121.1(9) 
O(2)-C(18)-C(17) 111.3(8) 112.9(4) 110.9(8) 111.3(4) 110.6(6) 111.9(6) 111.4(8) 
0(2)-C(19)-C(14) 113.2(7) 114.9(4) 112.5(8) 114.1(4) 115.1(5) 113.2(6) 114.3(7) 
0(2)-C(19)-C(20) 103.0(7) 105.7(4) 105.3(9) 104.1(4) 104.5(5) 104.2(6) 105.4(7) 
C(14)-C(19)-C(20) 110.1(6) 110.0(4) 108.4(6) 110.4(4) 109.7(5) 110.9(6) 109.7(7) 
C(2 l)-C(20)-C(I 9) 116.8(6) 118.4(4) 117.5(6) 116.9(4) 115.8(5) 117.6(7) 118.6(7) 
0(I)-C(21)-N(1) 121.8(6) 122.6(5) 123.6(7) 122.8(5) 121.1(6) 121.9(7) 123.0(7) 
0(1 )-C(2 I )-C(20) 122.2(6) 121.9(5) 122.4(7) 121.6(5) 122.1(6) 120.9(7) 121.3(7) 
N(1)-C(21)-C(20) 115.9(6) 115.5(4) 114.0(7) 115.6(4) 116.6(5) 117.2(6) 115.6(6) 
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Table 5-12: Atomic co-ordinates [x 104 ] and equivalent isotropic displacement parameters [A2 x103 1 
for the 2 bruciniums in 7 
x v z U(ea) x v z U(eci) 
 1560(4) 4803(2) 4215(4) 32(1) N(F) 3472(5) 5186(2) 9078(4) 54(2) 
 2623(3) 3429(2) 3616(5) 37(1) N(2') 2366(4) 6548(2) 8540(4) 46(2) 
0(1) 806(3) 5370(1) 4816(4) 49(1) 0(1) 4239(5) 4615(2) 9659(5) 88(2) 
0(2) 1855(5) 4219(2) 6793(4) 80(2) 0(2) 3226(6) 5782(2) 11692(4) 90(2) 
0(3) 900(4) 5514(2) 828(4) 57(1) 0(3) 4155(3) 4502(1) 5653(4) 48(1) 
0(4) 1503(5) 4861(2) -153(4) 74(2) 0(4) 3508(3) 5146(1) 4706(3) 38(1) 
C(1) 1479(4) 4854(2) 3107(5) 31(1) C(1') 3544(6) 5138(2) 7962(5) 46(2) 
C(2) 1174(4) 5209(2) 2557(6) 36(2) C(2') 3869(6) 4789(2) 7408(6) 50(2) 
C(3) 1184(5) 5192(2) 1460(5) 43(2) C(3) 3851(5) 4814(2) 6308(5) 39(2) 
C(4) 1498(6) 4831(2) 946(5) 47(2)  3514(5) 5172(2) 5802(5) 36(2) 
 1792(5) 4478(2) 1502(5) 40(2) C(5) 3205(5) 5516(2) 6363(5) 38(2) 
C(6) 1765(4) 4495(2) 2606(5) 32(1) C(6') 3239(5) 5500(2) 7474(5) 42(2) 
C(7) 2133(4) 4172(2) 3365(5) 28(l) C(7') 2872(5) 5812(2) 8249(5) 41(2) 
C(8) 1862(4) 4358(2) 4452(5) 32(1) C(8) 3163(6) 5625(2) 9337(5) 48(2) 
C(9) 1897(4) 3694(2) 3200(5) 32(1) C(9') 3099(5) 6293(2) 8082(5) 40(2) 
C(10) 3306(4) 3744(2) 3842(7) 47(2) C(10') 1700(6) 6233(2) 8789(6) 56(2) 
C(1 1) 3070(4) 4155(2) 3271(6) 36(2) C(1 1') 1937(5) 5829(2) 8182(6) 50(2) 
C(12) 1111(4) 3547(2) 3737(5) 35(2) C(12') 3880(5) 6443(2) 8615(5) 45(2) 
C(13) 1195(5) 3644(2) 4936(6) 40(2) C(13') 3814(6) 6348(2) 9813(6) 49(2) 
C(14) 1168(5) 4134(2) 5041(5) 40(2) C(14') 3854(6) 5850(2) 9899(5) 54(2) 
C(15) 2419(5) 3159(2) 4564(5) 39(2) C(15') 2581(6) 6827(2) 9484(5) 51(2) 
C(16) 1980(5) 3432(2) 5339(6) 45(2) C(16') 3066(6) 6560(2) 10249(6) 55(2) 
C(17) 2278(7) 3496(2) 6319(7) 67(3) C(17') 2807(8) 6506(3) 11254(6) 72(3) 
C(18) 1860(9) 3775(3) 7115(7) 86(3) C(18') 3272(10) 6225(3) 12002(6) 96(3) 
C(19) 1144(7) 4332(2) 6151(6) 61(2) C(19') 3906(8) 5653(2) 11027(6) 76(3) 
C(20) 1199(6) 4830(2) 6081(5) 49(2) C(20') 3840(8) 5153(2) 10933(5) 72(3) 
C(21) 1162(5) 5026(2) 4995(5) 40(2) C(21') 3891(8) 4958(2) 9833(6) 70(3) 
C(22) 548(6) 5882(2) 1320(7) 66(3) C(22') 4571(5) 4143(2) 6134(7) 52(2) 
C(23) 1888(11) 4498(3) -702(7) 124(6) C(23') 3132(5) 5503(2) 4160(5) 41(2) 
Table 5-13: Atomic co-ordinates [x 10] and equivalent isotropic displacement parameters [A2 x103 ] 
for 8 
x v z U(ea) x v z U(ea) 
 77550) 2107(3) 1731(3) 320) N(1') 7575(1) -2737(3) 3325(3) 34(1) 
 91400) 3092(4) 2789(3) 44(1) N(2) 6182(1) -1860(4) 2138(3) 40(1) 
0(1) 71210) 1360(3) 997(3) 54(1) 0(1') 8203(1) -3460(3) 4142(3) 64(1) 
0(2) 8405(1) -384(3) 2053(2) 42(1) 0(2') 6929(1) -5276(3) 3218(2) 42(1) 
0(3) 68580) 5352(3) 934(2) 39(1) 0(3') 8437(1) 572(3) 4241(2) 40(1) 
0(4) 7504(1) 6527(3) 1174(3) 45(1) 0(4') 7767(1) 1707(3) 3808(2) 45(1) 
C(1) 7647(1) 3223(4) 1587(3) 32(1) C(1') 7670(1) -1610(4) 3450(3) 34(1) 
C(2) 7257(1) 3683(4) 1291(3) 35(1) C(2') 8058(1) -1129(4) 3809(3) 35(1) 
C(3) 72240) 4800(4) 1188(3) 32(1) C(3') 8075(1) -10(4) 3904(3) 35(1) 
C(4) 75770) 5443(4) 1344(3) 34(1) C(4') 7710(2) 604(4) 3645(3) 36(1) 
C(5) 7969(1) 4966(4) 1681(3) 34(l) C(5) 7328(2) 124(4) 3258(3) 37(1) 
C(6) 8001(1) 3848(4) 1800(3) 33(1) C(6') 7309(1) -1013(4) 3159(3) 34(1) 
C(7) 8385(1) 3167(4) 2257(3) 34(1) C(7') 6936(1) -1734(4) 2711(3) 34(1) 
C(8) 82110) 1994(4) 2026(3) 30(l) C(8') 7114(1) -2884(4) 3004(3) 33(1) 
C(9) 87510) 3413(4) 1951(3) 39(1) C(9') 6556(1) -1451(5) 2961(3) 39(1) 
C(10) 9002(2) 2870(5) 3587(3) 46(1) C(10') 6334(1) -2179(5) 1375(3) 40(1) 
C(1 1) 8574(1) 3359(5) 3305(3) 41(1) CO 1') 6756(1) -1637(4) 1642(3) 38(1) 
C(12) 8751(2) 2825(4) 1101(3) 40(1) C(12') 6559(2) -1931(5) 3862(3) 41(1) 
C(13) 8724(2) 1600(4) 1243(3) 39(1) C(13') 6603(2) -3173(5) 3819(3) 40(1) 
C(14) 8291(2) 1397(4) 1241(3) 35(1) C(14') 7038(1) -3394(4) 3833(3) 35(1) 
C(15) 9370(2) 2157(5) 2607(4) 47(1) C(15') 5948(2) -2773(5) 2378(4) 43(1) 
C(16) 9078(2) 1269(5) 2129(4) 42(1) C(16') 6251(2) -3604(5) 2959(3) 40(1) 
C(17) 9117(2) 271(5) 2488(4) 46(1) C(17') 6214(2) 4649(5) 2732(3) 45(1) 
C(18) 8817(2) -620(5) 2075(4) 50(1) C(18') 6523(2) -5483(5) 3262(4) 49(1) 
C(19) 8153(2) 216(4) 1272(3) 38(1) C(19') 7191(2) -4567(4) 3920(3) 39(1) 
C(20) 7710(2) 191(4) 1303(3) 42(1) C(20') 7616(2) 4626(4) 3798(4) 42(1) 
C(21) 7496(2) 1264(4) 1324(3) 39(1) C(21') 7829(2) -3559(4) 3781(4) 42(1) 
C(22) 6500(2) 4703(5) 836(4) 48(1) C(22') 8816(1) -28(5) 4547(4) 43(1) 
C(23) 7856(2) 7202(5) 1337(5) 58(2) C(23') 7400(2) 2352(5) 3566(4) 54(1) 
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Table 5-14: Atomic co-ordinates [x 10 4] and equivalent isotropic displacement parameters [A2 x103 
for the brucinium in 9 
x v z U(ea) x v z U(ea) 
C(1) 2547(2) 464(5) 1403(5) 29(1) C(16) 4032(2) 1588(6) 2565(6) 36(1) 
C(2) 2152(2) -943(5) 1331(5) 32(1) C(17) 4042(2) 2573(6) 2157(6) 42(2) 
C(3) 2144(2) -2071(6) 1409(5) 35(2) C(18) 3742(2) 3444(7) 2380(7) 49(2) 
C(4) 2523(2) -2677(5) 1560(5) 32(1) C(19) 3097(2) 2546(6) 2523(5) 34(1) 
C(5) 2909(2) -2164(6) 1604(5) 34(1) C(20) 2619(2) 2553(6) 1791(6) 37(2) 
C(6) 2917(2) -1052(5) 1519(5) 30(1) C(21) 2401(2) 1477(6) 1607(5) 34(1) 
C(7) 3280(2) -343(5) 1383(5) 30(1) C(22) 1396(2) -2035(6) 1160(6) 45(2) 
C(8) 3104(2) 816(5) 1494(5) 30(1) C(23) 2848(2) 4396(7) 1742(7) 53(2) 
C(9) 3715(2) -563(6) 2319(6) 37(2) N(1) 26320) 646(4) 1326(4) 31(1) 
C(10) 3823(2) 21(6) 298(5) 36(2) N(2) 4054(1) -212(5) 1651(5) 38(1) 
C(1 1) 3389(2) -504(6) 125(5) 37(2) 0(1) 2023(1) 1360(4) 1638(4) 45(1) 
 3778(2) -16(6) 3558(5) 37(2) 0(2) 3308(1) 3183(4) 1776(4) 39(1) 
 3733(2) 1201(6) 3351(5) 36(2) 0(3) 1782(1) -2653(4) 1314(4) 41(1) 
 3253(2) 1406(6) 2736(5) 32(1) 0(4) 2472(1) -3754(4) 1610(4) 40(1) 
 4320(2) 724(6) 2278(7) 43(2) 
Table 5-15: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A2 x103 ] 
for the bruciniums in 9 
x y z U(eq) x y z U(eq) 
C(1) 1093(7) -389(6) 4835(3) 21(2) C(1) 3781(8) 5166(7) -117(2) 23(2) 
C(2) 1880(7) -827(7) 5211(3) 22(2) C(2') 3361(7) 5611(7) 270(3) 25(2) 
C(3) 2110(7) -1970(7) 5214(2) 22(2) C(3) 3142(8) 6748(7) 272(3) 25(2) 
C(4) 1601(7) -2641(7) 4838(2) 21(2) C(4) 3283(7) 7402(7) -112(3) 24(2) 
C(S) 791(7) -2171(6) 4479(2) 19(2) C(S) 3730(7) 6928(7) -483(3) 22(2) 
C(6) 535(7) -1028(7) 4484(2) 20(2) C(6') 3980(8) 5812(7) 491(2) 24(2) 
C(7) -373(7) -374(6) 4151(2) 17(2) C(7) 4516(7) 5133(7) -851(2) 22(2) 
C(8) 65(7) 833(7) 4282(2) 18(2)  4201(7) 3912(7) -703(2) 20(2) 
 -332(8) -679(7) 3652(2) 25(2) C(9) 3956(7) 5398(7) -1348(2) 23(2) 
C(10) -2490(7) -48(8) 3776(2) 26(2) C(10) 6189(8) 4735(8) -1311(3) 29(2) 
C(1 I) -1800(6) -560(7) 4208(2) 19(2) C(1 1) 5974(7) 5270(7) -861(3) 25(2) 
C(12) 722(9) -125(7) 3426(3) 28(2) C(12) 2659(8) 4912(7) -1519(3) 28(2) 
C(13) 606(9) 1127(7) 3474(2) 28(2) C(13) 2780(9) 3654(8) -1469(3) 31(2) 
C(14) 960(8) 1386(7) 3987(2) 21(2) C(14') 2986(8) 3395(8) -950(2) 28(2) 
C(15) -1624(10) 586(7) 3063(3) 34(2) C(15) 4535(9) 4109(8) -1967(3) 32(2) 
C(16) -752(9) 1506(8) 3280(3) 31(2) C(16') 3880(9) 3250(8) -1719(3) 33(2) 
C(17) -1147(9) 2536(7) 3291(3) 32(2) C(17') 4221(10) 2171(8) -1729(3) 40(2) 
C(18) -301(9) 3441(7) 3523(3) 32(2) C(18) 3581(12) 1315(8) -1469(3) 44(3) 
C(19) 1129(7) 2591(7) 4135(2) 24(2)  2949(8) 2186(7) -800(3) 30(2) 
 1384(8) 2685(7) 4664(2) 24(2) C(20) 3289(8) 2108(7) -269(2) 27(2) 
C(21) 1478(7) 1626(7) 4936(2) 20(2) C(21) 3480(7) 3166(7) 3(2) 23(2) 
C(22) 3281(8) -1843(8) 5957(3) 33(2) C(22') 2715(9) 6656(8) 1048(3) 37(2) 
C(23) 1484(9) -4400(7) 4481(3) 30(2) C(23') 3031(8) 9161(7) 467(3) 29(2) 
N(1) 786(6) 738(6) 4749(2) 19(1) N(1) 3989(6) 4026(5) -212(2) 20(1) 
N(2) -1678(6) -332(6) 3405(2) 25(2) N(2) 4981(6) 5033(6) -1641(2) 26(2) 
0(1) 2145(6) 1572(5) 5311(2) 30(1) 0(1) 3222(6) 3224(5) 390(2) 31(1) 
0(2) -9(5) 3253(4) 4010(2) 24(1) 0(2) 3857(6) 1488(5) -982(2) 35(2) 
0(3) 2854(5) -2498(5) 5565(2) 27(1) 0(3) 2790(5) 7290(5) 646(2) 29(1) 
0(4) 1956(5) -3727(5) 4873(2) 25(1) 0(4) 2973(5) 8509(5) -75(2) 26(1) 
Table 5-16: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A2 x103 ] 
for the cytidine 5'-mono-phosphate 7 
x v z U(ea) x v z U(ea) 
C(IC) 3472(3) 7394(2) 3207(4) 35(1) 0(2PH) 6799(3) 7107(1) 2152(4) 42(1) 
C(20 2630(4) 7377(3) 3073(6) 50(2) 0(3PH) 5870(3) 7754(2) 1828(5) 53(1) 
0(20 2203(4) 7222(3) 3774(5) 94(3) 0(1W) 7503(3) 8454(2) 4429(4) 48(1) 
N(30 2297(4) 7531(2) 2156(5) 54(2) 0(2W) 8674(3) 7509(2) 2717(5) 60(2) 
C(40 2793(5) 7685(3) 1404(6) 50(2) 0(3W) 5868(3) 6862(2) 7556(5) 64(2) 
N(40 2449(5) 7841(2) 523(6) 67(2) 0(4W) 171(4) 2923(2) 1542(5) 89(2) 
C(50 3664(4) 7695(2) 1517(6) 42(2) 0(5W) 5618(4) 7365(2) -19(6) 94(2) 
C(60 3977(4) 7549(2) 2427(5) 42(2) 0(6W) 897(4) 6728(2) 3067(5) 80(2) 
C(IR) 3830(4) 7296(2) 4248(5) 33(1) 0(7W) 6040(6) 6271(2) 9205(7) 115(3) 
C(2R) 4387(4) 6905(2) 4285(5) 38(2) 0(8W) 1249(6) 3451(3) 499(8) 125(3) 
0(2R) 3980(3) 6507(1) 4395(4) 49(1) 0(9W) -938(5) 3748(2) 4956(9) 129(4) 
C(3R) 4988(5) 7022(2) 5191(5) 37(2) 0(10W) 5000 5000 3524(8) 98(4) 
0(3R) 4609(3) 6895(2) 6169(4) 45(1) 0(11W) 5014(6) 4015(3) 3106(8) 43(2) 
C(4R) 5058(4) 7506(2) 5070(5) 36(2) 0(12W) 0 5000 8740(9) 185(9) 
0(4R) 4316(3) 7652(1) 4557(4) 37(1) 0(13W) 5657(6) 6560(3) 1290(9) 108(4) 
C(5R) 5797(4) 7661(2) 4471(6) 39(2) 0(14W) -105(6) 3489(3) -2773(7) 44(2) 
0(5R) 5939(3) 7372(1) 3594(4) 42(1) 0(15W) 338(7) 3943(4) -1028(8) 67(3) 
P(1) 6451(1) 7527(1) 2567(1) 35(1) 0(16W) 2780(2) 3566(9) 760(2) 114(13) 
0(1PH) 7117(3) 7837(2) 2954(4) 45(1) 
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Table 5-17: Atomic co-ordinates [x 10] and equivalent isotropic displacement parameters [A2 x10 3 ] 
for the thymidine 5'-mono-phosphate 8 
x v z 	U(CO) x 	y 	z U(ea) 
N(IT) 5007(1) 4245(4) 2049(3) 	45(1) P(1) 5037(2) 	-227(5) 	2842(5) 52(1) 
C(2T) 5000(1) 5338(4) 1884(3) 38(1) 0(2P) 454(9) 4800(3) 7740(2) 93(9) 
0(2T) 5168(1) 6009(3) 2490(3) 	50(1) 0(3P) 5095(8) 	-580(2) 	3833(16) 103(7) 
N(3T) 4779(1) 5645(4) 1008(3) 42(1) 0(4P) 5191(5) 1009(13) 	2901(12) 63(4) 
C(4T) 4589(1) 4994(5) 250(4) 	45(1) C(5R) 5591(7) 	1248(19) 	3340(2) 56(6) 
0(4T) 4424(1) 5400(4) -521(3) 65(1) 0(1W) 606(2) 3989(7) 4057(5) 96(2) 
C(5T) 4613(2) 3842(6) 456(4) 	55(2) 0(2W) 390(3) 	4825(8) 	7169(5) 66(2) 
C(5T) 4409(2) 3061(7) -328(5) 78(2) 0(3W) 3924(2) 1848(7) 3769(4) 112(2) 
C(6T) 4825(2) 3522(5) 1344(4) 	56(2) 0(4W) 9814(2) 	2916(5) 	717(4) 93(2) 
C(IR) 5241(2) 3859(5) 3001(4) 50(1) 0(5W) 6462(2) 1444(6) 1912(4) 104(2) 
0(1R) 5614(1) 3377(4) 3027(3) 	63(1) 0(6W) 9217(2) 	4862(6) 	207(4) 104(2) 
C(2R) 5024(2) 2980(8) 3342(6) 91(3) 0(7W) 4042(2) 1502(6) 2132(5) 117(2) 
C(3R) 5385(3) 2425(7) 4048(6) 	98(3) 0(8W) 492(2) 	1962(7) 	4204(3) 109(2) 
0(3R) 5519(2) 3030(7) 4901(4) 107(2) 0(9WA) 	9429(3) 	5057(11) 	4471(7) 88(3) 
C(4R) 5718(2) 2468(5) 3626(5) 	67(2) 0(9WB) 	9734(6) 5187(18) 	4745(12) 152(6) 
0(i P) 5256(2) -618(5) 2211(4) 91(2) 0(10W) 8575(3) 	5578(12) 	464(7) 90(3) 
P(1) 5367(1) 279(2) 1678(1) 	49(1) 0(11W) 	8658(4) 	6731(18) 	333(10) 134(5) 
0(2P) 5014(2) 612(6) 797(4) 70(2) 0(12W) 5000 4390(2) 5000 118(5) 
0(3P) 5753(1) -4(4) 1533(3) 	48(1) 0(13W) 	0 	540(2) 	5000 121(6) 
0(4P) 5435(2) 1340(5) 2291(4) 66(2) 0(14W) 0 1480(2) 5000 116(5) 
C(5R) 5802(3) 1534(8) 3050(6) 	59(2) 
Table 5-18: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A 2 x103 ] 
for the adenosine 5'-mono-phosphate in 9 
x v z 	U(eu) x 	v 	z 	U(eu) 
N(1A) 6572(1) -727(4) 3273(4) 	29(1) 0(IP) 5210(2) 	-639(4) 	1156(5) 	63(2) 
C(2A) 6949(2) -176(5) 3774(5) 	32(1) 0(2P) 5214(2) 	-917(5) 3399(5) 	74(2) 
N(3A) 7346(2) -612(5) 4107(5) 	39(1) 0(3P) 5395(1) 	-2414(4) 	2255(4) 	48(1) 
C(4A) 7637(2) 145(6) 4541(7) 	43(2) 0(4P) 4639(1) 	-1750(4) 	1721(5) 	48(1) 
N(5A) 7575(2) 1193(5) 4708(5) 	37(1) 0(1W) 706(2) 	7458(5) 3103(5) 	63(2) 
C(6A) 7175(2) 1588(6) 4366(5) 	33(1) 0(2W) 1351(2) 	8938(4) 	4410(5) 	57(1) 
N(6A) 7114(2) 2630(4) 4519(5) 36(1) 0(3W) 315(2) 	6125(5) 4428(5) 	62(2) 
C(7A) 6839(2) 855(5) 3878(5) 	25(1) 0(4W) 855(2) 1371(6) 	8600(5) 	85(2) 
N(8A) 6397(1) 991(4) 3448(5) 	35(1) 0(5W) 4526(4) 	-1911(13) 	4526(10) 	206(6) 
C(9A) 6259(2) 29(5) 3109(6) 	32(1) 0(6W) 483(3) 	9554(7) 9356(8) 	114(3) 
C(1 R) 6531(2) -1861(5) 2976(5) 	28(1) 0(7W) 1051(2) 	1392(10) 	6280(7) 	153(4) 
0(1R) 6228(1) -1962(3) 1798(3) 	31(1) 0(8W) 5439(4) 	-5538(11) 	1908(11) 	80(4) 
C(2R) 6343(2) -2520(5) 3848(5) 	28(1) 0(9W) 5261(5) 	-8376(11) 	594(12) 	93(4) 
0(2R) 6626(1) -2739(4) 5032(3) 	38(1) 0(10W) 5219(5) 	-6815(14) 	947(13) 	110(5) 
C(3R) 6178(2) -3502(5) 3039(5) 	29(1) 0(11W) 519(6) 	9760(2) 5140(2) 	168(10) 
0(3R) 65050) -4299(4) 3107(4) 	36(1) 0(12W) 62(14) 10350(5) 	3940(4) 	200(3) 
C(4R) 6033(2) -3026(5) 1735(5) 	30(1) 0(13W) 0 	8730(6) 5000 450(8) 
C(5R) 5557(2) -2879(6) 1267(6) 	41(2) 0(14W) 154(6) 	9720(4) 	5150(4) 	290(3) 
P(1) 5092(1) -1408(2) 2099(2) 	42(1) 
Table 5-19: Bond lengths [A] and angles [O]  for the cytidine 5'-mono-phosphate in 7 
N( 1 C)-C(6C) 1.370(8) P(1 )-0(3PH) 1.502(5) 0(2R)-C(2R)-C(3R) 115.4(5) 
N( 1 C)-C(2C) 1.384(9) P( I )-0(2PH) 1.509(5) C( 1R)-C(2R)-C(3R) 102.5(5) 
N( 1 C)-C( 1 R) 1.470(8) P( I )-0( I PH) 1.527(5) 0(3R)-C(3R)-C(4R) 112.9(5) 
C(2C)-0(2C) 1.224(9) C(6C)-N(IC)-C(2C) 121.3(6) 0(3R)-C(3R)-C(2R) 107.5(5) 
C(2C)-N(3C) 1.365(10) C(6C)-N( I C)-C( I R) 118.6(5) C(4R)-C(3R)-C(2R) 101.7(5) 
N(3C)-C(4C) 1.335(10) C(2C)-N(IC)-C(1R) 119.7(6) 0(4R)-C(4R)-C(5R) 110.3(5) 
C(4C)-N(4C) 1.336(10) 0(2C)-C(2C)-N(3C) 121.6(7) 0(4R)-C(4R)-C(3R) 106.9(5) 
C(4C)-C(5C) 1.426(10) 0(2C)-C(2C)-N( IC) 119.3(7) C(SR)-C(4R)-C(3R) 115.3(6) 
C(5C)-C(6C) 1.335(10) N(3C)-C(2C)-N(IC) 119.0(7) C(1R)-0(4R)-C(4R) 110.7(5) 
C(1R)-0(4R) 1.409(7) C(4C)-N(3C)-C(2C) 119.2(6) 0(5R)-C(5R)-C(4R) 108.7(5) 
C(IR)-C(2R) 1.511(9) N(3C)-C(4C)-N(4C) 117.8(7) C(5R)-0(5R)-P(1) 121.2(4) 
C(2R)-0(2R) 1.40 1(7) N(3C)-C(4C)-C(5C) 122.6(7) 0(3PH)-P(1)-0(2PH) 114.9(3) 
C(2R)-C(3R) 1.550(9) N(4C)-C(4C)-C(5C) 119.6(8) 0(3PH)-P(1)-0(IPH) 110.8(3) 
C(3R)-0(3R) 1.434(8) C(6C)-C(5C)-C(4C) 117.4(7) 0(2PH)-P(1)-0(1PH) 112.5(3) 
C(3R)-C(4R) 1.507(9) C(5C)-C(6C)-N( IC) 120.5(7) 0(3PH)-P( 1 )-0(5R) 108.2(3) 
C(4R)-0(4R) 1.442(8) 0(4R)-C( I R)-N( IC) 108.1(5) 0(2PH)-P( I )-0(5R) 102.6(3) 
C(4R)-C(5R) 1.500(10) 0(4R)-C( I R)-C(2R) 106.0(5) 0(1 PH)-P(I )-0(5R) 107.2(3) 
C(5R)-0(5R) 1.440(8) N(IC)-C(IR)-C(2R) 115.4(5) 
0(5R)-P(l) 1.616(5) 0(2R)-C(2R)-C(1 R) 114.7(6) 
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Table 5-20: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A 2 x103] 
for the guaosine 5 '-mono-phosphate in 10 
x y z 	U(eq) x y 	z U(eq) 
P(1) 	1618(2) 2173(2) 7232(I) 	26(1) C(5G) 	9933(18) 4574(15) 	9963(7) 22(3) 
0(1P) 532(5) 1765(5) 6826(2) 25(1) N(6G') 9898(13) -5648(11) 	9771(5) 22(3) 
0(2P) 	2209(6) 1080(5) 7464(2) 	34(1) N(7G') 	9870(12) -6974(11) 	9202(4) 28(3) 
0(3P) 1025(5) 2821(6) 7572(2) 38(2) C(7G') 9824(13) -5870(16) 	9317(5) 25(3) 
0(4P) 	2588(5) 2751(5) 6975(2) 	30(1) N(8G) 	9751(11) -5117(13) 	8973(4) 26(3) 
0(1 R) -2153(5) 2398(5) 6519(2) 25(1) C(9G) 9782(14) 4096(15) 	9152(5) 26(3) 
C(IR) 	-3395(7) 2853(8) 6543(3) 	29(2) P(1") 	14528(16) -2266(13) 	7734(5) 54(4) 
0(2R) 4742(5) 2723(7) 7150(2) 50(2) 0(IP') 13260(4) -2600(5) 7853(13) 34(5) 
C(2R) 	4020(8) 2082(8) 6870(3) 	33(2) 0(2P) 	14307(18) -1994(14) 	7185(6) 37(4) 
0(3R) -2775(6) 1757(7) 7640(2) 45(2) 0(3P) 14934(17) -1179(16) 	7941(7) 58(5) 
C(3R) 	-2853(8) 1525(9) 7161(3) 	37(2) C(IR") 	9830(2) -2130(2) 8508(7) 30(4) 
C(4R) -1676(7) 2033(8) 6977(3) 28(2) 0(2W') 8480(2) 429(19) 	8363(9) 75(7) 
C(5R) 	-607(8) 1234(8) 6953(3) 	31(2) C(2R') 	9720(2) -910(2) 8373(8) 35(4) 
N(IG) 4044(6) 2929(6) 6081(2) 28(2) C(3R') 10220(2) -910(2) 	7902(7) 26(4) 
C(2G) 	4335(8) 2055(7) 5783(3) 	26(2) 0(3R") 	9160(5) -1010(4) 7568(11) 34(7) 
N(3G) 4777(6) 2366(6) 5366(2) 28(2) C(4R) 11020(4) -1930(3) 	7927(14) 35(5) 
C(4G) 	-4760(8) 3533(8) 5389(3) 	31(2) N(IG") 	9830(2) -2370(3) 8981(7) 33(4) 
0(5G) -5546(6) 4164(6) 4640(2) 42(2) C(2G") 9980(2) -1670(2) 	9344(7) 30(4) 
C(5G) 	-5108(9) 4321(8) 5051(4) 	39(2) N(3G") 	9980(2) -2080(2) 9742(7) 26(4) 
N(6G) 4908(7) 5419(7) 5218(3) 41(2) C(4G') 9870(3) -3170(4) 	9631(11) 26(4) 
N(7G) 	-4238(7) 6755(7) 5747(3) 	46(2) C(5G') 	9870(3) 4110(3) 9914(13) 25(5) 
C(7G) -4441(8) 5660(8) 5656(4) 42(3) N(6G') 9730(2) -5150(2) 	9691(9) 29(4) 
N(8G) 	4124(7) 4925(6) 5983(3) 	34(2) C(7G') 	9630(2) -5250(3) 9204(10) 27(4) 
C(9G) -4297(8) 3878(8) 5830(3) 31(2) N(7G") 9512(17) -6310(2) 	9066(7) 28(4) 
0(5G) 	9947(6) 4327(7) 10368(2) 	48(2) N(8G) 	9663(19) -4350(2) 8952(8) 25 
0(4P) 15471(7) -3078(7) 7932(3) 76(3) C(9G") 9810(2) -3430(2) 	9188(9) 27 
0(IR') 	11041(6) -2672(7) 8352(2) 	53(2) 0(1W) 	-6572(9) 4704(7) 3727(3) 76 
C(5 R') 12308(9) -1718(8) 7860(3) 37(2) 0(2W) -3837(12) 58(9) 	7989(3) 110(4) 
P(1') 	14528(8) -2582(6) 7622(2) 	29(2) 0(3W) 	-2700(11) 4256(11) 	7636(4) 115(4) 
0(IPI) 13070(2) -2660(3) 7765(7) 32(4) 0(4W) 16312(16) 4378(13) 	6983(4) 164(7) 
0(2P') 	14827(10) -1509(9) 7411(4) 	33(2) 0(5W) 	-6822(8) 1329(7) 6227(2) 64(2) 
0(3P') 14338(1 1) -3587(10) 7256(4) 50(3) 0(6W) 3250(10) -139(7) 	6909(2) 80(3) 
C(IR') 	9736(14) -3070(14) 8405(5) 	36(3) 0(7W) 	-6306(14) 2589(16) 3321(5) 82(6) 
0(2W) 7970(10) -2739(11) 7792(4) 47(3) 0(7W) -6800(3) 2920(3) 	3171(10) 65 
C(2R') 	8848(16) -2213(14) 8147(5) 	40(3) 0(8W) 	10555(13) 119(10) 8758(4) 18(3) 
C(3R') 9786(15) -1550(15) 7888(5) 30(3) 0(9W) 4410(2) -1310(18) 	8713(7) 46(6) 
0(3R') 	9230(3) -1200(3) 7441(7) 	43(6) 0(9W) 	-3550(2) -1390(2) 8706(6) 126(9) 
C(4R') 10990(2) -2318(15) 7889(8) 29(4) 0(10W) 	9655(10) -8030(9) 	8252(3) 36(3) 
N(IG') 	9700(12) .3140(12) 8891(4) 	32(2) 0(11W) 	9842(10) -5472(9) 7933(3) 39(3) 
C(2G') 9785(15) -2298(16) 9199(6) 27(3) 0(12W) 	9171(19) -7000(2) 	8093(6) 66(7) 
N(3G') 	9891(14) -2604(17) 9637(5) 	28(3) 0(13W) 	9335(18) 4646(18) 	7916(6) 51(5) 
C(4G') 9852(14) -3740(16) 9600(5) 22(3) 0(14W) 	7850(16) -3028(17) 	7494(5) 42(5) 
Table 5-21: Bond lengths [A] and angles [0]  for the thymidine 5'-mono-phosphate in 8 
N(IT)-C(2T) 1.370(7) P( I ')-0(4P') 1.606(16) 0(1 R)-C(4R)-C(5R) 105.5(6) 
N(IT)-C(6T) 1.371(7) 0(2P')-P(l ')#2 1.60(3) C(3R)-C(4R)-C(5R) 123.6(7) 
N( 1T)-C( 1 R) 1.478(7) 0(4P')-C(5R) 1.33(2) 0(1 R)-C(4R)-C(5R') 126.1(12) 
C(2T)-0(2T) 1.225(6) C(2T)-N(1 T)-C(6T) 121.3(5) C(3R)-C(4R)-C(5R') 84.9(12) 
C(2T)-N(3T) 1.346(6) C(2T)-N(IT)-C(IR) 117.9(5) C(5R)-C(4R)-C(5R') 39.0(11) 
N(3T)-C(4T) 1.373(7) C(6T)-N(IT)-C(IR) 120.6(5) P(1)-0(IP)-P(1) 114.0(4) 
C(4T)-0(4T) 1.227(7) 0(2T)-C(2T)-N(3T) 121.2(5) 0(3P)-P(1)-0(IP) 109.7(3) 
C(4T)-C(5T) 1.452(9) 0(2T)-C(2T)-N( IT) 123.3(5) 0(3P)-P( I )-0(2P) 113.6(3) 
C(5T)-C(6T) 1.359(9) N(3T)-C(2T)-N(IT) 115.4(5) 0(I P)-P(1)-0(2P) 114.1(4) 
C(5T)-C(5T') 1.508(9) C(2T)-N(3T)-C(4T) 128.0(5) 0(3P)-P(1)-0(4P) 110.1(3) 
C( 1 R)-0( 1 R) 1.407(7) 0(4T)-C(4T)-N(3T) 120.0(6) 0(1 P)-P( I )-0(4P) 106.8(3) 
C(IR)-C(2R) 1.520(10) 0(4T)-C(4T)-C(5T) 125.6(6) 0(2P)-P(1)-0(4P) 102.2(4) 
0(1 R)-C(4R) 1.415(8) N(3T)-C(4T)-C(5T) 114.4(5) C(5R)-0(4P)-P(1) 122.3(5) 
C(2R)-C(3R) 1.492(10) C(6T)-C(5T)-C(4T) 118.2(5) 0(4P)-C(5R)-C(4R) 107.9(6) 
C(3R)-0(3R) 1.440(11) C(6T)-C(5T)-C(5T') 123.4(6) 0(IP)-P(1')-0(3P') 129.8(11) 
C(3R)-C(4R) 1.522(13) C(4T)-C(5T)-C(5T') 118.3(6) 0(1 P)-P( I ')-0(2P')# 1 108.8(12) 
C(4R)-C(5R) 1.548(11) C(5T)-C(6T)-N( IT) 122.5(6) 0(3P')-P( I ')-0(2P)# 1 106.6(15) 
C(4R)-C(5R') 1.58(2) 0(1 R)-C( I R)-N( IT) 109.1(4) 0(1 P)-P(1 ')-0(4P') 95.9(9) 
0(1 P)-P(I) 1.512(6) 0(1 R)-C( I R)-C(2R) 104.8(6) 0(3P')-P(l ')-0(4P') 107.2(12) 
0(1 P)-P( I') 1.519(9) N(IT)-C(1 R)-C(2R) 114.5(5) 0(2P')# I -P(1 ')-0(4P') 106.0(13) 
P( I )-0(3P) 1.479(5) C( I R)-0( I R)-C(4R) 111.3(5) C(5R')-0(4P')-P(I') 120.1(15) 
P( I )-0(2P) 1.516(6) C(3R)-C(2R)-C( I R) 101.1(5) 0(4P')-C(5R')-C(4R) 118.9(18) 
P(1)-0(4P) 1.582(6) 0(3R)-C(3R)-C(2R) 109.6(9) #1 -x+1/2,y-1/2,-z+1 
0(4P)-C(5R) 1.399(9) 0(3R)-C(3R)-C(4R) 109.8(6) 
P( I ')-0(3P') 1.54(2) C(2R)-C(3R)-C(4R) 103.4(6) 
P( 1 ')-0(2P)# I 1.60(3) 0(1 R)-C(4R)-C(3R) 105.0(6) 
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Table 5-22: Bond lengths [A] and angles [O]  for the guanisine 5'-mono-phosphate in 10 
PM  -OOP) ) 0(3 1.468(6) C(4G')-C(9G") 1.33(4) 0(2R)-C(2R')-C(3R') 104.9(11) 
P(1)-0(4P) 1.513(6) C(4G')-C(5G") 1.41(5) C(1 R')-C(2R')-C(3R') 102.2(12) 
P(I)-0(2P) 1.573(6) C(5G")-N(6G") 1.41(4) 0(3R')-C(3R')-C(2R') 113.6(18) 
P( 1 )-0( 1 P) 1.614(6) N(6G")-C(7G") 1.43(4) 0(3R')-C(3R')-C(4R') 114.0(16) 
0(1 P)-C(5R) 1.443(9) C(7G")-N(8G") 1.31(4) C(2R)-C(3R)-C(4R) 104.8(14) 
0(1 R)-C( 1 R) 1.421(9) C(7G")-N(7G") 1.33(4) 0(1 R')-C(4R)-C(3R') 96.4(14) 
0(1 R)-C(4R) 1.443(9) N(8G)-C(9G) 1.31(4) 0(1 R')-C(4R)-C(5R') 105.4(15) 
C( I R)-N( 1G) 1.442(10) 0(3P)-P( I )-0(4P) 117.8(4) C(3R')-C(4R')-C(5R') 116.1(13) 
C(1 R)-C(2R) 1.543(12) 0(3P)-P( 1 )-0(2P) 109.1(3) C(2G')-N(1G)-C(9G') 104.9(14) 
0(2R)-C(2R) 1.417(10) 0(4P)-P(1 )-0(2P) 110.6(3) C(2G')-N(IG')-C(l R) 127.9(15) 
C(2R)-C(3R) 1.549(13) 0(3P)-P(1 )-0(1 P) 110.4(3) C(9G')-N(l G')-C(l R) 126.5(14) 
0(3R)-C(3R) 1.429(10) 0(4P)-P(1 )-0( iF) 102.9(3) N(3G)-C(2G)-N( I G') 115.5(17) 
C(3R)-C(4R) 1.534(11) 0(2P)-P( I )-0( I P) 105.4(3) C(2G')-N(3G')-C(4G') 101.7(16) 
C(4R)-C(5R) 1.484(12) C(SR)-0( 1 P)-P( 1) 118.0(5) N(30')-C(4G')-C(9G') 112.5(15) 
N( I G)-C(9G) 1.368(11) C(1 R)-0( I R)-C(4R) 106.2(5) N(3G')-C(4G')-C(5G') 129.1(16) 
N( 1 G)-C(2G) 1.378(11) 0(1 R)-C( I R)-N( I G) 107.4(6) C(9G')-C(4G')-C(5G') 118.4(17) 
C(20)-N(3G) 1.310(10) 0(1 R)-C(1 R)-C(2R) 105.3(7) 0(5G')-C(5G')-N(6G') 127.4(14) 
N(3G)-C(40) 1.407(12) N(1G)-C(IR)-C(2R) 116.2(7) 0(5G')-C(5G')-C(4G') 122.4(16) 
C(4G)-C(5G) 1.387(13) 0(2R)-C(2R)-C(1R) 109.6(8) N(6G')-C(5G')-C(4G') 110.0(16) 
C(4G)-C(9G) 1.389(13) 0(2R)-C(2R)-C(3R) 110.9(7) C(7G')-N(6G')-C(5G') 124.9(15) 
0(5G)-C(5G) 1.252(12) C(1 R)-C(2R)-C(3R) 103.7(6) N(6G')-C(7G')-N(8G') 126.5(17) 
C(5G)-N(6G) 1.417(13) 0(3R)-C(3R)-C(4R) 108.8(7) N(6G')-C(7G')-N(7G') 115.8(14) 
N(6G)-C(7G) 1.349(13) 0(3R)-C(3R)-C(2R) 113.5(7) N(8G')-C(7G')-N(7G') 117.6(14) 
N(7G)-C(7G) 1.358(13) C(4R)-C(3R)-C(2R) 104.1(7) C(9G')-N(8G')-C(7G') 108.9(15) 
C(7G)-N(8G) 1.317(13) 0(1 R)-C(4R)-C(5R) 108.8(6) N(8G')-C(9G')-C(4G') 131.2(16) 
N(8G)-C(9G) 1.344(12) 0(1 R)-C(4R)-C(3R) 104.7(6) N(8G')-C(9G')-N(1 G') 123.4(16) 
0(5G')-C(5G') 1.23(2) C(5R)-C(4R)-C(3R) 113.7(8) C(4G')-C(9G')-N( I 0') 105.3(16) 
0(5G')-C(5G") 1.35(4) 0(1 P)-C(5R)-C(4R) 112.2(7) 0(4P')-P( I ")-0(1 F") 108(2) 
0(4P')-P( 1) 1.389(11) C(9G)-N( 1 G)-C(2G) 106.5(7) 0(4F')-P(l ")-0(3P") 106.6(13) 
0(4P')-P( I ") 1.457(17) C(9G)-N( I G)-C( 1 R) 126.6(7) 0(1 P)-P( I ")-0(3P") 111(2) 
0(1 R')-C(4R') 1.42(2) C(2G)-N( 1G)-C( I R) 126.1(7) 0(4P')-P(l ")-0(2P") 122.1(12) 
0(1 R')-C(l R') 1.474(16) N(3G)-C(2G)-N(IG) 113.5(8) 0(1P")-P(l ")-0(2P") 105.8(18) 
0(1 R)-C(4R) 1.54(4) C(2G)-N(3G)-C(4G) 103.9(7) 0(3P")-P(I ")-0(2P") 103.0(15) 
0(1 R')-C( 1 R") 1.55(2) C(5G)-C(4G)-C(9G) 119.4(9) C(5R')-O( 1 P")-P( I ") 117(4) 
C(5R')-C(4R") 1.41(5) C(5G)-C(4G)-N(3G) 130.4(9) NO I G")-C( 1 R")-C(2R") 116(2) 
C(5R')-O(IP') 1.44(3) C(90)-C(4G)-N(3G) 110.1(8) N(1G")-C(IR")-O(IR') 108.1(19) 
C(5R')-O(l F") 1.46(5) 0(5G)-C(5G)-C(4G) 128.1(10) C(2R")-C( 1 R")-O( 1 R) 111.6(16) 
C(5R')-C(4R') 1.57(3) 0(5G)-C(5G)-N(6G) 119.6(9) 0(2R")-C(2R")-C(IR") 116(2) 
P(1')-0(2P') 1.485(13) C(4G)-C(5G)-N(6G) 112.3(9) 0(2R")-C(2R")-C(3R") 114(2) 
P( 1 ')-0(3P') 1.614(13) C(7G)-N(6G)-C(5G) 123.3(9) C(1 R")-C(2R")-C(3R") 102.0(18) 
P(1')-O(IPI) 1.64(3) N(8G)-C(7G)-N(6G) 125.4(9) 0(3R")-C(3R")-C(4R") 111(3) 
C(1R')-N(IG') 1.438(18) N(8G)-C(7G)-N(7G) 119.4(10) 0(3R")-C(3R")-C(2R") 108(2) 
C( I R')-C(2R') 1.52(2) N(6G)-C(7G)-N(7G) 115.2(10) C(4R")-C(3R")-C(2R") 102(2) 
0(2R')-C(2R') 1.44(2) C(7G)-N(8G)-C(9G) 112.1(8) C(5R')-C(4R")-C(3R") 113(3) 
C(2R')-C(3R') 1.54(2) N(8G)-C(9G)-N( I 0) 126.6(8) C(5R')-C(4R")-0(1 R') 108(3) 
C(3R')-0(3R') 1.43(3) N(8G)-C(90)-C(4G) 127.5(8) C(3R")-C(4R")-0( I R') 118(3) 
C(3R')-C(4R') 1.56(2) N( I G)-C(90)-C(4G) 105.9(8) C(2G")-N( I G")-C(9G") 103(2) 
N( I G')-C(2G') 1.36(2) C(5G')-0(5G')-C(5G") 25.2(12) C(2G")-N(lG")-C( I R") 129(3) 
N( 1G')-C(9G') 1.38(2) P( I ')-0(4P')-P( 1") 20.2(6) C(9G")-N( 1G")-C( 1 R") 127(3) 
C(2G')-N(3G') 1.33(2) C(4R')-O(IR')-C(IR') 106.2(12) N(3G")-C(2G")-N(1G") 118(3) 
N(30')-C(40') 1.37(2) C(4R')-O( I R')-C(4R") 18.2(15) N(3G")-C(2G")-C(4G") 41.6(16) 
C(4ci'-C(9G') 1.38(2) C(I R')-O( 1 R')-C(4R") 110.9(19) NO G")-C(2G")-C(4G") 76(2) 
C(4G')-C(5G') 1.46(2) C(4R')-O(I R')-C( I R") 103.1(12) C(2G")-N(3G")-C(4G") 100(3) 
C(5G')-N(6G') 1.41(2) C(IR')-O(lR')-C(IR") 45.7(11) C(9G")-C(4G")-N(3G") 117(3) 
N(6G')-C(7G') 1.35(2) C(4R")-O(IR')-C(IR") 93.8(19) C(9G")-C(4G")-C(5G") 113(4) 
N(7G')-C(7G') 1.38(2) C(4R")-C(5R')-0( IF) 116.6(19) N(3G")-C(4G")-C(5G") 130(3) 
C(7G')-N(8G') 1.36(2) C(4R")-C(5R')-0( 1 P") 123(2) C(9G")-C(4G")-C(2G") 78(2) 
N(8G')-C(9G') 1.34(2) 0(1 F')-C(5R')-0( 1 F') 13(2) N(3G")-C(4G")-C(20") 38.7(16) 
P( 1 ")-O( 1 F") 1.47(4) C(4R")-C(5R')-C(4R') 17.6(16) C(5G")-C(4G")-C(2G") 169(3) 
F(I")-0(3P") 1.48(2) 0(IP')-C(5R')-C(4R') 99.0(14) 0(5G')-C(50")-N(6G") 106(2) 
P( I ")-0(2P") 1.64(2) 0(1 P")-C(5R')-C(4R') 106(2) 0(5G')-C(5G")-C(4G") 137(3) 
C( 1 R")-N( I 0") 1.42(3) 0(4P')-P( I ')-0(2P') 118.6(8) N(6G")-C(5G")-C(4G") 117(3) 
C( 1 R")-C(2R") 1.53(4) 0(4P')-P( I ')-0(3P') 97.5(8) C(5G")-N(6G")-C(7G") 122(3) 
0(2R")-C(2R") 1.41(3) 0(2P')-P( I ')-0(3P') 112.8(7) N(8G")-C(7G")-N(7G") 128(3) 
C(2R")-C(3R") 1.54(3) 0(4F')-P(I')-O(IP') 114.3(10) N(8G")-C(7G")-N(6G") 119(3) 
C(3R")-0(3R") 1.39(5) 0(2P')-F( 1 ')-O( I P') 114.5(13) N(7G")-C(7G")-N(6G") 112(3) 
C(3R")-C(4R") 1.48(4) 0(3P')-P(I ')-O( IF') 95.0(10) C(9G")-N(8G")-C(7G") 114(3) 
N( I G")-C(2G") 1.36(3) C(5R')-O( I F')-F( 1') 124(2) N(8G")-C(9G")-C(4G") 135(3) 
N( I G")-C(9G") 1.42(4) N(I G')-C( I R')-O( I R') 105.5(11) N(8G")-C(9G")-N(I G") 123(2) 
C(2G")-N(3G") 1.27(3) N( I G')-C(I R')-C(2R') 116.2(12) C(4G")-C(9G")-N( I G") 102(3) 
C(2G")-C(4G") 2.01(5) 0(1 R')-C( 1 R')-C(2R') 103.8(12) 
N(3G")-C(4G") 1.35(4) 0(2R')-C(2R')-C( 1 R') 110.6(13) 
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Table 5-23: Bond lengths [A] and angles [O]  for the adenosine 5'-mono-phosphate in 9 
N(IA)-C(9A) 1.361(7) P(1)-0(4P) 1.479(4) 0(IR)-C(IR)-N(IA) 107.2(5) 
N(IA)-C(2A) 1.388(7) P( I )-0(2P) 1.519(6) 0(1 R)-C( I R)-C(2R) 104.1(4) 
N( 1A)-C( 1 R) 1.450(8) P( 1)-0( I P) 1.529(5) N( I A)-C( 1 R)-C(2R) 114.7(5) 
C(2A)-C(7A) 1.346(9) P( I )-0(3P) 1.572(5) C( 1 R).0( I R)-C(4R) 108.2(4) 
C(2A)-N(3A) 1.354(7) C(9A)-N(IA)-C(2A) 105.0(5) 0(2R)-C(2R)-C(1R) 115.1(4) 
N(3A)-C(4A) 1.333(8) C(9A)-N( I A)-C( 1 R) 128.4(5) 0(2R)-C(2R)-C(3R) 115.7(5) 
C(4A)-N(5A) 1.341(9) C(2A)-N( I A)-C( I R) 126.5(5) C( I R)-C(2R)-C(3R) 101.6(4) 
N(5A)-C(6A) 1.346(7) C(7A)-C(2A)-N(3A) 127.8(6) 0(3R)-C(3R)-C(4R) 111.7(4) 
C(6A)-N(6A) 1.33 1(8) C(7A)-C(2A)-N(IA) 106.4(5) 0(3R)-C(3R)-C(2R) 112.2(4) 
C(6A)-C(7A) 1.419(8) N(3A)-C(2A)-N( LA) 125.8(6) C(4R)-C(3R)-C(2R) 102.8(5) 
C(7A)-N(8A) 1.395(6) C(4A)-N(3A)-C(2A) 110.3(6) 0(IR)-C(4R)-C(5R) 107.3(5) 
N(8A)-C(9A) 1.302(8) N(3A)-C(4A)-N(5A) 128.6(6) 0(1R)-C(4R)-C(3R) 106.4(4) 
C(1R)-0(1R) 1.424(6) C(4A)-N(5A)-C(6A) 118.9(6) C(5R)-C(4R)-C(3R) 114.9(5) 
C(1 R)-C(2R) 1.501(8) N(6A)-C(6A)-N(5A) 118.8(6) 0(3P)-C(5R)-C(4R) 108.6(5) 
0(1R)-C(4R) 1.462(7) N(6A)-C(6A)-C(7A) 123.7(5) 0(4P)-P(1)-0(2P) 112.9(3) 
C(2R)-0(2R) 1.422(6) N(5A)-C(6A)-C(7A) 117.4(6) 0(4P)-P(1)-0(IP) 112.5(3) 
C(2R)-C(3R) 1.531(8) C(2A)-C(7A)-N(8A) 110.9(5) 0(2P)-P(1)-0(I P) 109.8(4) 
C(3R)-0(3R) 1.437(7) C(2A)-C(7A)-C(6A) 117.0(5) 0(4P)-P(1)-0(3P) 110.2(3) 
C(3R)-C(4R) 1.519(8) N(8A)-C(7A)-C(6A) 132.1(5) 0(2P)-P( I )-0(3P) 102.1(3) 
C(4R)-C(5R) 1.505(8) C(9A)-N(8A)-C(7A) 103.6(5) 0(1 P)-P( 1 )-0(3P) 108.8(3) 
C(5R)-0(3P) 1.441(8) N(8A)-C(9A)-N( 1 A) 114.1(5) C(5R)-0(3P)-P( 1) 124.7(4) 
Table 5-24: Anisotropic displacement parameters [A2 x iO] for the bruciniums in 7 
U!! U22 U33 U23 U13 U12 UI! U22 U33 U23 U13 U12 
N(1) 49(3) 22(2) 25(3) -2(2) 1(3) 0(2) N(1') 118(5) 21(3) 22(3) -1(2) -12(3) 3(3) 
N(2) 43(3) 22(2) 44(3) 4(2) -7(3) 1(2) N(2') 80(4) 34(3) 24(3) -3(2) 7(3) 3(3) 
0(1) 75(3) 26(2) 48(3) -3(2) 14(3) 9(2) 0(1) 193(8) 29(3) 41(3) 5(3) -27(4) 23(4) 
0(2) 161(6) 43(3) 37(3) -1(3) -16(4) 13(4) 0(2) 204(8) 41(3) 24(3) 1(2) 9(4) 8(4) 
0(3) 87(4) 38(3) 46(3) 10(2) .13(3) 12(3) 0(3) 78(3) 31(2) 36(3) .4(2) -10(3) 11(2) 
0(4) 155(6) 43(3) 25(2) 4(2) -3(3) 11(4) 0(4) 58(3) 33(2) 24(2) 2(2) -1(2) 5(2) 
C(I) 42(3) 21(3) 31(3) -2(3) 1(3) -1(3) C(I) 89(5) 25(3) 23(3) 2(3) 4(4) 0(4) 
C(2) 46(4) 23(3) 40(4) -3(3) -1(3) 3(3) C(2) 94(5) 25(3) 30(3) 2(3) -11(4) 6(3) 
C(3) 63(4) 30(3) 35(4) 6(3) -9(3) 1(3)  59(4) 26(3) 32(3) -5(3) -5(3) -1(3) 
 77(5) 40(4) 25(3) 1(3) -5(3) -2(4) C(4') 60(4) 24(3) 23(3) -3(3) -5(3) -9(3) 
C(S) 62(4) 30(3) 29(3) -3(3) -1(3) -1(3) C(S) 65(4) 30(3) 19(3) 2(3) -3(3) -6(3) 
C(6) 43(3) 23(3) 29(3) 4(3) 4(3) -3(3) C(6) 72(4) 26(3) 29(3) -2(3) 2(4) 4(3) 
C(7) 31(3) 23(3) 30(3) 2(3) 4(3) 0(2)  77(5) 22(3) 23(3) 2(3) 3(3) -6(3) 
 46(3) 22(3) 29(3) -2(3) 2(3) 5(3) C(8) 99(5) 22(3) 23(3) -1(3) -1(4) -11(4) 
C(9) 39(3) 24(3) 35(3) -3(3) 4(3) 0(3) C(9) 68(4) 25(3) 27(3) 3(3) 2(3) 9(3) 
C(I0) 37(4) 34(3) 70(5) -5(4) -16(4) -2(3) C(10) 77(5) 49(4) 42(4) -3(4) 6(4) -10(4) 
CO 1) 34(3) 28(3) 48(4) -3(3) -1(3) 4(3) C(1 1) 7 1(5) 42(4) 37(4) 0(3) 1(4) -7(4) 
C(12) 43(4) 27(3) 34(3) 0(3) 0(3) -5(3) C(12) 79(5) 27(3) 29(3) 2(3) -1(4) -3(3) 
C(13) 58(4) 25(3) 37(4) 6(3) 15(3) -1(3)  89(5) 25(3) 33(4) 0(3) -15(4) 0(3) 
 57(4) 26(3) 37(4) 0(3) 9(3) 2(3) C(14) 112(6) 24(3) 26(3) 6(3) -10(4) 4(4) 
C(15) 56(4) 22(3) 40(4) 3(3) -8(3) -1(3) C(15) 90(5) 37(4) 26(3) -2(3) 3(4) 1(4) 
C(16) 68(5) 25(3) 43(4) 1(3) -2(4) 3(3) C(16) 104(6) 28(3) 32(4) -4(3) -9(4) -2(4) 
C(17) 122(7) 34(4) 46(4) 9(4) -18(5) 6(5) C(I7) 137(8) 51(5) 29(4) 4(4) 9(5) 4(5) 
C(18) 179(9) 44(4) 36(4) 6(4) -7(6) 15(6) C(18) 219(10) 45(4) 24(4) 4(3) -11(6) 18(6) 
C(19) 112(6) 35(4) 34(4) -3(3) 18(4) 4(4) C(19') 161(8) 32(4) 35(4) 9(3) -17(5) 6(5) 
C(20) 87(6) 32(4) 28(3) -5(3) 15(4) 2(4) C(20) 161(8) 31(4) 24(4) 3(3) -19(5) 7(5) 
C(21) 59(4) 19(3) 42(4) 4(3) 10(4) -2(3) C(21) 149(8) 22(4) 38(4) 7(3) -17(5) -6(5) 
C(22) 83(6) 46(4) 68(6) 21(4) 5(5) 32(4) C(22') 66(5) 32(4) 58(5) -1(4) -12(4) 16(4) 
C(23) 295(18) 53(6) 24(4) -14(4) 12(8) 15(9) C(23') 62(4) 29(3) 33(3) -1(3) 2(4) 4(3) 
Table 5-25: Anisotropic displacement parameters [A2 x 10 3 ] for the brucinium in 9 
UI! U22 U33 	U23 U13 U12 Ull U22 U33 U23 U13 U12 
CO) 33(3) 27(4) 29(3) 	3(3) 14(2) 4(3) 016) 30(3) 35(4) 41(3) -5(3) 3(2) -3(3) 
C(2) 25(3) 35(4) 41(3) 	0(3) 16(2) -1(3) C(17) 33(3) 40(5) 56(4) -10(3) 14(3) -1(3) 
 32(3) 44(4) 32(3) 	-1(3) 13(2) 4(3) 018) 39(3) 48(5) 59(4) -9(4) 13(3) -8(3) 
 48(3) 21(4) 26(3) 	-3(3) 9(2) -2(3) C(19) 42(3) 35(4) 29(3) 4(3) 14(2) 3(3) 
C(S) 37(3) 34(4) 32(3) 	-3(3) 8(2) 5(3) C(20) 33(3) 35(4) 45(3) 4(3) 15(3) 8(3) 
C(6) 28(3) 37(4) 24(3) 	4(3) 7(2) -2(3) C(21) 36(3) 33(4) 35(3) -1(3) 15(2) 6(3) 
C(7) 26(3) 32(4) 33(3) 	-1(3) 8(2) 1(3) C(22) 37(3) 50(5) 54(4) -2(4) 22(3) 4(3) 
 23(2) 40(4) 27(3) 	2(3) 7(2) -3(3) 023) 54(4) 39(4) 67(5) 2(4) 15(3) 12(4) 
 37(3) 37(4) 36(3) 	5(3) 8(2) 2(3) N(I) 27(2) 33(3) 36(3) -2(2) 16(2) 1(2) 
C(I0) 28(3) 43(4) 37(3) 	-7(3) 11(2) -2(3) N(2) 26(2) 38(3) 51(3) -9(3) 11(2) 8(2) 
C(l 1) 29(3) 46(4) 37(3) 	-5(3) 8(2) 5(3) 0(1) 33(2) 45(3) 66(3) 3(3) 26(2) 7(2) 
 37(3) 41(4) 29(3) 	2(3) 1(2) 3(3) 0(2) 35(2) 38(3) 46(2) -2(2) 16(2) -1(2) 
 34(3) 45(4) 28(3) 	2(3) 4(2) 1(3) 0(3) 36(2) 40(3) 53(3) -5(2) 20(2) -5(2) 
 30(3) 37(4) 29(3) 	-1(3) 9(2) -1(3) 0(4) 39(2) 31(3) 49(3) 1(2) 10(2) 0(2) 
C(!5) 25(3) 43(4) 59(4) 	-10(4) 6(3) 3(3) 
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Table 5-26: Anisotropic displacement parameters [A 2 x 103] for the bruciniums in 8 
U!! U22 	U33 	U23 	U13 	U12 U!! U22 U33 1J23 U13 
N(1) 33(2) 25(2) 	37(2) 	-1(2) 	10(2) 	4(2) N(1') 29(2) 29(2) 43(2) -1(2) 12(2) -1(2) 
N(2) 30(2) 36(2) 	60(3) 	4(2) 	8(2) 	1(2) N(2') 32(2) 46(3) 42(2) 3(2) 13(2) 9(2) 
0(1) 35(2) 46(2) 	68(2) 	-1(2) 	4(2) 	-11(2) 0(1) 32(2) 44(2) 101(3) 8(2) 10(2) 5(2) 
0(2) 55(2) 31(2) 	42(2) 	2(2) 19(2) 	2(2) 0(2) 42(2) 38(2) 45(2) 3(2) 16(2) 4(2) 
0(3) 28(2) 44(2) 	45(2) 	4(2) 	13(1) 	6(2) 0(3') 40(2) 36(2) 41(2) -5(2) 10(1) -5(2) 
0(4) 43(2) 30(2) 	65(2) 	4(2) 21(2) 	7(2) 0(4') 51(2) 28(2) 49(2) 2(2) 12(2) 2(2) 
C(1) 29(2) 32(3) 	34(2) 	1(2) 	9(2) 1(2) C(1') 35(2) 30(3) 36(2) 2(2) 14(2) 0(2) 
C(2) 30(2) 39(3) 	32(2) 	0(2) 7(2) 	4(2) C(2) 35(2) 34(3) 38(2) 3(2) 15(2) 4(2) 
C(3) 30(2) 34(3) 	31(2) 	2(2) 	10(2) 	2(2) C(3') 38(3) 37(3) 28(2) -2(2) 11(2) -2(2) 
C(4) 35(2) 33(3) 	34(2) 	1(2) 13(2) 	3(2) C(4') 45(3) 32(3) 29(2) 1(2) 13(2) 4(2) 
C(S) 32(2) 28(3) 	42(2) 	-2(2) 	13(2) 	-2(2) C(S) 41(3) 33(3) 36(2) 6(2) 14(2) 8(2) 
C(6) 30(2) 33(3) 	34(2) 	-1(2) 	11(2) 	3(2) C(6') 40(3) 32(3) 32(2) 0(2) 14(2) 0(2) 
C(7) 30(2) 29(3) 	38(2) 	-2(2) 	7(2) 	0(2) C(7') 33(2) 35(3) 34(2) 3(2) 12(2) 4(2) 
C(8) 26(2) 29(2) 	31(2) 	0(2) 	6(2) 	-1(2) C(8') 30(2) 32(3) 37(2) 6(2) 14(2) -1(2) 
C(9) 27(2) 36(3) 	48(3) 	6(2) 7(2) 	-3(2) C(9') 33(2) 42(3) 43(3) -6(2) 15(2) 2(2) 
C(10) 40(3) 49(3) 	38(3) 	-4(2) 	0(2) 	4(3) C(10') 40(3) 51(3) 30(2) -2(2) 13(2) 4(2) 
C(11) 38(2) 39(3) 	39(2) 	-11(2) 	5(2) 	-3(2) C(11) 38(2) 41(3) 35(2) 8(2) 12(2) 9(2) 
C(12) 36(3) 40(3) 	44(3) 	9(2) 17(2) 	-3(2) C(12') 37(2) 50(3) 37(2) -1(2) 16(2) 5(2) 
C(!3) 53(3) 34(3) 	38(2) 	2(2) 	25(2) 	4(2) C(13') 44(3) 47(3) 31(2) 2(2) 19(2) -3(2) 
C(14) 44(3) 31(2) 	29(2) 	1(2) 13(2) 	2(2) C(14') 36(2) 37(3) 31(2) 2(2) 11(2) 4(2) 
C(15) 34(3) 43(3) 	65(3) 	-1(3) 	18(2) 	11(2) C(15') 34(2) 46(3) 51(3) 1(3) 16(2) -5(2) 
C(16) 40(3) 40(3) 	49(3) 	1(2) 	20(2) 	7(2) C(16') 35(2) 51(3) 38(2) 1(2) 19(2) 4(2) 
C(17) 47(3) 46(3) 	51(3) 	4(3) 24(2) 	15(3) C(17') 40(3) 54(3) 43(3) 1(3) 19(2) -7(3) 
C(18) 58(3) 31(3) 	64(3) 	0(3) 	25(3) 	7(3) C(18') 42(3) 53(4) 54(3) 0(3) 19(2) -13(3) 
C(19) 52(3) 29(2) 	31(2) 	-9(2) 	15(2) 	-4(2) C(19') 43(3) 40(3) 33(2) 7(2) 11(2) 3(2) 
C(20) 53(3) 31(3) 	41(2) 	-1(2) 	16(2) 	-9(2) C(20') 40(3) 34(3) 49(3) 8(2) 12(2) 4(2) 
C(21) 41(3) 33(3) 	41(2) 	3(2) 11(2) 	-10(2) C(2!') 34(3) 36(3) 50(3) 1(2) 11(2) 3(2) 
C(22) 33(2) 60(4) 	520) 	4(3) 	17(2) 	3(3) C(22') 36(2) 45(3) 49(3) 1(2) 15(2) -3(2) 
C(23) 52(3) 30(3) 	100(5) 	-1(3) 	36(3) 	0(3) C(23') 60(3) 32(3) 63(3) 4(3) 16(3) 7(3) 
Table 5-27: Anisotropic displacement parameters [A2 x 10] for the bruciniums in 10 
U!! U22 	U33 	U23 	U13 	U12 UI! U22 U33 U23 U13 U12 
C(1) 26(4) 15(4) 	22(4) 	0(3) 10(3) 	-1(3) C(1') 37(4) 16(4) 14(4) -1(3) 0(3) 3(4) 
C(2) 20(4) 24(5) 	23(4) 	-5(4) 	0(3) -5(3) C(2') 3 1(4) 23(5) 20(4) -2(4) 2(3) -4(4) 
C(3) 21(4) 23(5) 	21(4) 	5(4) 2(3) 	0(3) C(3') 39(5) 19(5) 20(4) -10(4) 7(3) -6(4) 
C(4) 32(4) 14(4) 	19(4) 	5(3) 	11(3) 	6(4) C(4') 31(4) 17(5) 23(4) 0(4) 0(3) -1(4) 
C(S) 28(4) 12(4) 	19(4) 	-2(3) 13(3) 	0(3) C(S) 32(4) 17(5) 19(4) 1(3) 4(3) 4(3) 
C(6) 26(4) 19(4) 	16(3) 	4(3) 	3(3) 0(3) C(6') 31(4) 26(5) 15(4) -1(4) 1(3) -6(4) 
C(7) 20(3) 14(4) 	17(3) 	-2(3) 3(3) 	-2(3) C(7') 28(4) 21(5) 16(4) 1(3) 3(3) 2(3) 
C(8) 22(4) 17(4) 	14(3) 	3(3) 	2(3) 0(3) C(8') 21(4) 20(4) 20(4) -1(3) 1(3) -1(3) 
C(9) 38(4) 18(4) 	18(4) 	-5(3) 3(3) 	7(4) C(9') 33(4) 16(4) 21(4) 1(3) 5(3) -1(4) 
C(10) 28(4) 32(5) 	18(4) 	-12(4) 	-2(3) 	1(4) C(10) 31(4) 26(5) 30(4) 4(4) 0(3) 4(4) 
C(11) 19(3) 16(4) 	23(4) 	1(3) 3(3) -3(3) C(11') 22(4) 22(5) 32(4) 1(4) 7(3) -7(3) 
C(12) 49(5) 16(4) 	19(4) 	0(4) 	12(4) 	-4(4) C(12') 33(4) 26(5) 23(4) -3(4) -2(3) -5(4) 
C(13) 57(6) 13(4) 	17(4) 	-1(3) 17(4) 	4(4) C(13') 39(5) 33(5) 19(4) 1(4) 0(3) -3(4) 
C(14) 29(4) 12(4) 	21(4) 	0(3) 	4(3) 1(3) C(!4') 40(5) 28(5) 15(4) 1(4) 4(3) -10(4) 
C(15) 64(6) 20(5) 	17(4) 	2(4) 1(4) 	-2(4) C(15') 52(5) 27(5) 18(4) -1(4) 4(4) 6(4) 
C(16) 44(5) 32(6) 	16(4) 	-4(4) 	2(3) -4(4) C(16) 54(5) 32(5) 14(4) -4(4) 3(4) 0(5) 
C(17) 50(5) 24(5) 	18(4) 	3(4) -2(3) 	3(4) C(!7') 73(7) 27(5) 23(4) -8(4) 12(4) 0(5) 
C(!8) 56(6) 16(5) 	25(4) 	13(4) 	5(4) 2(4) C(18') 86(8) 21(5) 28(5) -5(4) 16(5) 	-7(5) 
 27(4) 24(5) 	21(4) 	6(4) 3(3) 	6(4) C(19) 41(4) 23(5) 28(4) -1(4) 13(4) 0(4) 
 30(4) 17(4) 	24(4) 	-3(4) 	6(3) -2(4) C(20') 33(4) 27(5) 20(4) 5(4) 3(3) 3(4) 
C(2!) 22(4) 20(4) 	19(4) 	0(3) 5(3) 	3(3) C(21') 31(4) 21(5) 16(4) 5(3) 0(3) -1(4) 
C(22) 31(4) 33(6) 	34(5) 	8(4) 	0(4) 2(4) C(22') 55(6) 34(6) 24(4) -1(4) 11(4) -4(5) 
C(23) 51(5) 16(5) 	27(4) 	-2(4) 13(4) 	3(4) C(23') 44(5) 11(4) 31(4) -2(4) 1(4) -1(4) 
 23(3) 19(4) 	15(3) 	2(3) 	-2(2) 	6(3) N(!') 32(3) 13(4) 16(3) 1(3) 3(3) 3(3) 
 34(4) 17(4) 	22(3) 	-2(3) 4(3) 	2(3) N(2') 38(4) 25(4) 15(3) 2(3) 3(3) 2(3) 
0(1) 38(3) 24(3) 	26(3) 	-2(3) 	-1(2) 	4(3) 0(1') 50(4) 24(3) 22(3) -2(3) 15(3) 5(3) 
0(2) 33(3) 16(3) 	22(3) 	-2(2) 1(2) 1(2) 0(2') 63(4) 20(3) 24(3) 0(3) 14(3) 4(3) 
0(3) 32(3) 	22(3) 	26(3) 	1(3) 	-1(2) 	2(3) 0(3') 45(3) 20(3) 23(3) -3(3) 10(2) -4(3) 
0(4) 30(3) 	17(3) 	30(3) 	4(3) 7(2) 3(2) 0(4') 40(3) 13(3) 24(3) 0(2) 3(2) 4(3) 
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Table 5-28: Anisc 
U11 U22 
N(IC) 41(3) 39(3) 
C(2C) 29(3) 85(6) 
0(2C) 53(3) 187(8) 
N(3C) 38(3) 87(5) 
C(4C) 59(5) 51(4) 
N(4C) 69(4) 84(5) 
C(5C) 38(4) 51(4) 
C(6C) 4 1(4) 43(4) 
C(1 R) 40(3) 30(3) 
C(2R) 57(4) 28(3) 
0(2R) 76(3) 26(2) 
C(3R) 54(4) 31(3) 
0(3R) 60(3) 5 1(3) 
C(4R) 44(4) 30(3) 
0(4R) 40(2) 24(2) 
C(5R) 29(3) 36(3) 
0(5R) 48(3) 32(2) 
P(1) 35(1) 26(1) 
0(1 PH) 43(3) 41(3) 
tropic displacement pare 
U33 	U23 U13 U12 
26(3) 	2(2) 3(2) -7(3) 
35(4) 	-11(4)-1(3) -16(4) 
41(3) 	3(4) 8(3) -61(5) 
38(3) 	-15(4)1(3) 0(3) 
39(4) 	-13(4)-12(4) 15(4) 
50(4) 4(4) -12(4)32(4) 
38(4) 	8(3) 0(3) 3(3) 
43(4) 	5(4) 10(3) -6(3) 
30(3) 	1(3) 3(3) -6(3) 
27(3) 	0(3) -2(3) 4(3) 
46(3) 	4(2) 14(3) -12(2) 
25(3) 	4(3) 1(3) 8(3) 
25(2) 	7(2) 2(2) 9(3) 
35(3) 	-8(3) -9(3) 9(3) 
47(3) 	-6(2) -6(2) -3(2) 
51(4) 	-17(3)4(3) 2(3) 
44(3) 	-7(2) 13(2) -12(2) 
44(1) 	-2(1) -1(1) 0(1) 
51(3) 	-11(2)3(2) -12(2) 
meters [A 2 x 10] for cytidine 5'-mono-phosphate in 7 
Ull 	U22 	U33 	U23 U13 U12 
0(2PH) 51(3) 38(2) 	38(3) 	-6(2) -2(2) 7(2) 
0(3PH) 47(3) 46(3) 	66(4) 	11(3) -11(3) 7(2) 
0(1W) 53(3) 44(3) 	47(3) 	.10(2) -5(3) 8(2) 
0(2W) 40(3) 51(3) 	88(4) 	8(3) 	-7(3) 1(2) 
0(3W) 69(3) 59(3) 	64(4) 18(3) -17(3) -15(3) 
0(4W) 74(4) 123(6) 69(4) 	6(4) 	7(4) 	7(4) 
0(5W) 92(5) 128(6) 61(4) 	4(5) -15(4) 4(5) 
0(6W) 74(4) 79(4) 	86(5) 	-36(4) -10(4) -10(3) 
0(7W) 175(8) 55(4) 116(6) 23(4) -55(7) -20(5) 
0(8W) 137(7) 104(6) 135(8) 45(6) 38(7) -14(6) 
0(9W) 107(6) 52(4) 229(11) 38(5) 92(7) 14(4) 
0(10W) 67(6) 	171(11) 57(5) 	0 	0 	48(7) 
0(11W) 36(5) 	49(5) 	43(5) 1(5) 	-1(5) -1(4) 
0(12W) 79(8) 420(3) 54(6) 	0 0 	.67(12) 
0(13W) 115(8) 91(7) 	117(9) .49(7) .59(7) -10(6) 
0(14W) 69(6) 30(4) 	34(5) 	2(4) 	6(5) 	-30(4) 
0(15W) 90(8) 72(7) 	40(6) 	-23(6) 5(6) 	-31(7) 
0(16W) 180(3) 90(2) 	70(18) 7(16) 20(2) 90(2) 
Table 5-29: Anisotropic displacement parameters [A 2 x iO] for the thymidine 5'-mono-phosphate in 8 
U11 U22 	U33 U23 U13 	U12 till U22 U33 U23 	U13 	U12 
N(IT) 46(2) 35(3) 	49(2) -1(2) 13(2) 3(2) C(5R) 42(4) 47(5) 71(5) 2(4) 0(3) 9(4) 
C(2T) 31(2) 37(3) 	49(3) 1(3) 18(2) 4(2) P(1) 33(3) 24(3) 90(4) -11(3) 	12(3) 	0(2) 
0(2T) 48(2) 39(2) 	61(2) -8(2) 18(2) -3(2) 0(2P) 77(16) 70(15) 160(3) 20(2) 	70(2) 	28(13) 
N(3T) 37(2) 41(2) 	52(2) 7(2) 21(2) 5(2) 0(3P) 141(19) 68(13) 127(11) 3(11) 	82(13) 	-23(15) 
C(4T) 26(2) 60(4) 	49(3) .1(3) 14(2) 2(2) 0(4P) 44(7) 37(5) 77(10) 3(6) -14(7) 	-11(6) 
0(4T) 41(2) 89(3) 	57(2) 13(3) 9(2) 	.10(2) C(5R) 35(8) 35(11) 91(18) -13(12) 	14(11) 	-5(7) 
C(5T) 36(3) 58(4) 	64(4) -19(3) 11(3) 0(3) 0(1W) 123(6) 88(5) 83(4) 14(4) 	44(4) 	13(5) 
C(ST) 54(4) 77(5) 	87(5) -39(4)7(3) 2(4) 0(2W) 56(4) 54(4) 104(6) -2(5) 	46(5) 	5(3) 
C(6T) 49(3) 39(3) 	74(4) -8(3) 16(3) 4(3) 0(3W) 65(3) 178(7) 92(3) -31(4) 	29(3) 	-24(4) 
C(1 R) 47(3) 44(3) 	55(3) 10(3) 13(2) 6(3) 0(4W) 91(3) 67(3) 134(4) 40(3) 	59(3) 	22(3) 
0(1 R) 53(2) 59(3) 	73(3) 10(2) 17(2) 18(2) 0(5W) 76(3) 128(5) 96(4) 1(4) 19(3) 	11(4) 
C(2R) 52(4) 113(7) 	89(5) 47(5) 5(3) 	-16(4) 0(6W) 126(4) 109(5) 87(3) -10(3) 	52(3) 	-38(4) 
C(3R) 88(6) 78(6) 	94(6) 43(5) -5(4) 	-30(4) 0(7W) 134(5) 95(5) 109(4) -9(4) 	31(4) 	47(4) 
0(3R) 86(4) 158(7) 	74(3) 31(4) 26(3) 0(4) 0(8W) 97(4) 161(6) 53(3) -20(4) 	9(2) 19(4) 
C(4R) 57(4) 44(4) 	74(4) .2(3) -5(3) 	2(3) 0(9WA) 81(6) 97(8) 84(6) -11(6) 	28(5) 	11(6) 
0(1 P) 113(4) 71(3) 	107(4) 5(3) 62(3) 18(3) 0(10W) 65(6) 113(9) 81(6) 25(7) 	14(5) 	28(6) 
P(1) 47(1) 48(1) 	53(1) 0(1) 18(1) 	8(1) 0(11W) 71(7) 194(14) 121(9) 8(10) 	17(6) 	17(9) 
0(2P) 43(3) 92(5) 	65(3) 1(3) 9(2) 	14(3) 0(12W) 129(11) 120(12) 123(11) 0 	69(9) 	0 
0(3P) 38(2) 53(3) 	46(2) 3(2) 8(2) 	23(2) 0(13W) 173(14) 93(12) 110(11) 0 68(10) 	0 
0(4P) 54(3) 67(3) 	66(3) -17(3)7(2) 15(3) 0(14W) 130(12) 125(14) 128(12)0 87(10) 	0 
Table 5-30: Anisotropic displacement parameters [A 2 x 10 3 ] for the adenosine 5'-mono-phosphate in 9 
UI! 1122 	U33 	U23 U13 U12 Ull U22 U33 U23 	U13 	U12 
N(IA) 26(2) 31(3) 	31(2) 	1(2) 7(2) -1(2) 0(1P) 59(3) 37(3) 104(4) 	7(3) 43(3) 	5(3) 
C(2A) 29(3) 34(4) 	32(3) 	4(3) 5(2) 0(3) 0(2P) 77(4) 66(4) 66(3) -21(3) 	-8(3) 	20(3) 
N(3A) 31(3) 33(3) 	48(3) 	2(3) 3(2) 4(2) 0(3P) 42(2) 51(3) 55(3) 9(2) 20(2) 	23(2) 
C(4A) 3 1(3) 35(4) 	57(4) 	-8(3) 3(3) -2(3) 0(4P) 23(2) 43(3) 78(3) -6(3) 	13(2) 	1(2) 
N(5A) 31(2) 36(4) 	41(3) 	-2(3) 0(2) 4(2) 0(1W) 54(3) 57(4) 89(4) 17(3) 35(3) 	14(3) 
C(6A) 33(3) 38(4) 	28(3) 	-2(3) 9(2) 2(3) 0(2W) 47(3) 60(4) 60(3) 14(3) 	8(2) 4(3) 
N(6A) 37(3) 32(3) 	37(3) 	3(2) 7(2) -2(2) 0(3W) 48(3) 83(5) 59(3) -1(3) 20(2) 	1(3) 
C(7A) 26(2) 24(3) 	26(3) 	3(2) 7(2) 2(2) 0(4W) 103(5) 82(5) 75(4) 14(4) 	32(3) 	32(4) 
N(8A) 28(2) 34(4) 	42(3) 	-4(3) 7(2) -5(2) 0(5W) 264(15) 239(15) 	144(9) 50(10) 	108(9) 	83(13) 
C(9A) 30(3) 24(4) 	43(3) 	3(3) 9(2) 5(3) 0(6W) 140(7) 84(6) 139(7) 17(5) 	72(5) 	34(5) 
C(IR) 24(2) 29(4) 	3 1(3) 	-3(3) 7(2) 3(2) 0(7W) 118(6) 262(14) 96(6) 29(8) 	58(5) 	42(8) 
0(1 R) 4 1(2) 26(2) 	26(2) 	3(2) 7(2) -4(2) 0(8W) 107(9) 57(8) 69(8) 11(7) 	10(7) 	7(8) 
C(2R) 26(3) 32(4) 	26(3) 	1(3) 9(2) -2(3) 0(9W) 158(13) 46(8) 74(8) .14(7) 	24(7) 	-16(8) 
0(2R) 36(2) 49(3) 	28(2) 	2(2) 6(2) 2(2) 0(10W) 114(11) 115(13) 	88(10) 	50(10) 	1(8) -10(10) 
C(3R) 25(2) 28(3) 	33(3) 	-5(3) 8(2) 5(2) 0(11W)! 13(14) 230(3) 190(2) -73(19) 	75(14) 	2(16) 
0(3R) 34(2) 30(3) 	43(2) 	10(2) 	7(2) 7(2) 0(12W) 170(4) 350(8) 80(2) 120(4) 	50(2) 	120(5) 
C(4R) 34(3) 25(3) 	30(3) 	-5(3) 7(2) 3(3) 0(13W) 190(6) 250(8) 1000(2) 	0 300(10) 0 
C(5R) 32(3) 40(4) 	46(4) 	.9(3) 2(3) 0(3) 0(14W) 66(12) 550(9) 270(4) .250(5) 	70(2) 	-80(3) 
P(1) 26(1) 37(1) 	61(1) 	.7(1) 7(1) 4(1) 
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Table 5-31: Anisotropic displacement parameters [A2 x iO] for the guanosine 5'-mono-phosphate in 10 
UI! 	U22 	U33 U23 	U13 U12 	 Ull 	U22 	U33 U23 	U13 U12 
P(1) 32(1) 24(1) 24(l) 2(1) 7(1) 0(1) C(5G) 
0(1 P) 27(3) 25(3) 23(3) 1(2) 6(2) -5(2) N(6G') 
0(2P) 56(4) 24(3) 21(3) 6(3) 2(3) -3(3) N(7G) 
0(3P) 30(3) 47(4) 39(3) -22(3) 10(3) 0(3) C(70) 
0(4P) 30(3) 23(3) 37(3) 11(3) 6(2) -1(3) N(8G') 
0(1 R) 24(3) 23(3) 27(3) 0(3) 7(2) 0(2) C(9G) 
C(1 R) 29(4) 27(5) 34(4) -6(4) 18(3) 0(4) P(1') 
0(2R) 24(3) 88(6) 41(3) -34(4) 16(3) -3(4) 0(I P') 
C(2R) 32(4) 36(6) 35(4) -12(4) 17(4) -11(4) 0(2P") 
0(3R) 46(4) 69(5) 22(3) 5(3) 14(3) -10(4) 0(3P') 
C(3R) 42(5) 43(6) 30(4) -3(4) 17(4) -5(5) C(IR") 
C(4R) 32(4) 33(5) 21(4) 2(4) 7(3) 1(4) 0(2R') 
C(5R) 36(5) 24(5) 34(4) 2(4) 10(4) 1(4) C(2R") 
N(1G) 29(4) 20(4) 34(4) -2(3) 6(3) -2(3) C(3R) 
C(2G) 31(4) 21(5) 29(4) 1(4) 10(3) 5(4) 0(3R') 
N(3G) 27(3) 26(4) 32(4) 4(3) 9(3) 1(3) C(4R') 
C(4G) 28(4) 24(5) 42(5) 6(4) 13(4) 0(4) N(1G") 
0(5G) 36(3) 41(4) 51(4) 21(4) 10(3) 14(3) C(2G) 
C(5G) 30(5) 33(6) 58(6) 13(5) 17(4) 4(4) N(3G") 
N(6G) 23(4) 35(5) 66(6) 11(4) 13(4) 8(4) C(4G) 
N(7G) 23(4) 22(4) 91(7) 11(4) 3(4) 0(3) C(5G) 
C(70) 21(4) 28(6) 80(8) 4(6) 15(5) 5(4) N(6G") 
N(8G) 27(4) 20(4) 55(5) 2(4) 9(3) 3(3) C(7G') 
C(9G) 20(4) 27(5) 47(5) 4(4) 9(4) 11(4) N(7G") 
0(5G') 49(4) 81(6) 14(3) 4(3) 8(3) .13(4) N(8G) 
0(4P') 43(4) 60(5) 130(7) 66(5) 28(4) 20(4) C(9G") 
0(1 R- ) 45(3) 81(5) 35(3) 14(4) 19(3) 11(4) 0(1W) 
C(5R) 51(5) 27(5) 38(4) 2(4) 17(4) 11(4) 0(2W) 
P(1) 28(2) 42(5) 18(2) 13(2) 5(2) 0(3) 0(3W) 
0(1 P') 32(8) 29(6) 37(7) 0(6) 6(5) 3(6) 0(4W) 
0(2P') 33(5) 16(6) 52(7) 15(5) 11(5) 2(5) 0(5W) 
0(3P') 48(7) 48(7) 52(7) -12(6) 0(5) -12(6) 0(6W) 
C(IR) 43(6) 39(7) 28(6) 3(6) 15(5) 12(6) 0(7W) 
0(2W) 42(6) 48(8) 51(7) 24(7) 4(5) .12(6) 0(7W') 
C(2R') 59(8) 36(8) 30(6) 4(6) 20(6) 10(7) 0(8W) 
C(3R') 44(7) 31(7) 16(5) -7(6) 4(5) 7(6) 0(9W) 
0(3R') 52(10) 60(14) 13(9) 6(8) -6(8) -10(9) 0(9W') 
C(4R) 35(6) 34(9) 22(6) 9(8) 16(5) 17(8) 0(10W) 
N(IG') 37(5) 26(6) 34(5) -1(5) 13(4) -2(5) 0(11W) 
C(2G) 33(5) 18(6) 30(7) -8(7) 3(6) -3(5) 0(12W) 
N(3G) 31(5) 21(8) 30(6) .7(7) 1(5) -6(7) 0(13W) 
C(4G) 26(5) 16(7) 24(6) 9(7) 1(5) 0(6) 0(14W) 
28(6) 	14(8) 	25(7) 9(8) 6(5) 	-7(7) 
33(6) 	15(7) 	19(6) 0(6) 	5(5) 	-2(6) 
36(6) 	26(7) 	24(6) 1(6) 8(5) 	4(6) 
23(6) 	29(7) 	25(7) 3(7) 	11(5) 4(6) 
29(5) 	32(7) 	18(5) 6(6) 5(5) 	-1(5) 
27(5) 	28(7) 	25(6) 2(6) 	5(5) 1(5) 
32(4) 	39(6) 	89(8) -7(6) 	0(6) 	9(4) 
19(9) 	37(9) 	50(11) 14(9) 	19(8) 2(8) 
40(9) 	14(9) 	61(11) 11(8) 	17(8) 	-12(8) 
39(9) 	33(10) 97(14) -18(10) -10(9) 1(8) 
34(7) 	34(8) 	27(7) -5(7) 	23(6) 2(7) 
76(13) 68(15) 95(15) 9(13) 	64(12) 32(12) 
40(9) 	36(10) 32(9) 4(9) 	15(8) 8(8) 
31(9) 	27(10) 21(8) -5(9) 	4(7) 	3(8) 
50(11) 25(13) 30(17) 12(13) 15(14) -9(10) 
46(8) 	41(10) 21(8) 4(9) 	9(7) 	8(10) 
45(7) 	36(8) 	19(7) -11(9) 5(7) 	-17(7) 
34(8) 	33(9) 	24(8) -9(8) 	11(7) -16(8) 
28(7) 	26(10) 27(8) 4(8) 	15(7) -5(8) 
32(7) 	23(10) 25(7) -2(10) 8(6) 	-9(9) 
25(8) 	19(11) 31(9) 9(11) 	6(7) -9(10) 
38(8) 	26(10) 23(8) 8(9) 6(7) 	-5(8) 
28(7) 	30(8) 	23(8) 14(9) 	1(8) 4(8) 
17(8) 	40(12) 28(10) -6(10) 10(8) 4(9) 
19 27 	26 	1 	-3 	-10 
28 	26 26 4 2 -5 
116 54 	60 	-14 	18 	-2 
174(1 1) 88(8) 	70(6) 13(6) 	16(7) -26(8) 
109(9) 107(9) 131(9) -9(8) 	21(7) 6(8) 
245(17) 134(12) 105(9) -55(9) -11(9) 87(12) 
83(6) 	73(6) 	37(4) 16(4) 	13(4) 36(5) 
133(8) 70(6) 	41(4) 12(4) 	26(5) 58(6) 
83(10) 105(15) 68(10) -60(10) 54(8) -59(10) 
65 	65 	65 	0 	8 	0 
40(8) 	6(7) 12(6) -1(5) 	13(5) -9(6) 
94(17) 25(10) 21(9) 4(7) 18(11) 4(12) 
170(2) 170(2) 28(7) 	17(10) 12(13) -50(2) 
41(6) 	46(7) 	24(5) 1(5) 	9(4) 	4(5) 
43(6) 27(6) 45(6) -14(5) -1(5) 8(5) 
48(11) 114(19) 41(10) .20(12) 26(9) -35(12) 
51(11) 50(13) 48(10) -20(10) .16(8) -7(10) 
43(9) 72(14) 12(7) 3(9) 4(7) 1(10) 
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Brucine co-Crystallisations with 
Series of Carboxylic Acids 
6.1 INTRODUCTION 
This chapter aims to describe the crystallisations of three classes of carboxylic 
acids. The first and second class comprise dicarboxylic acids. The first is the series 
going from oxalic to suberic acid. This class is characterised by an increasing chain 
length (see Figure 6-1a). The second consists of the succinic acid derivatives maleic 
and fumaric acid. The third class comprises oxamic, lactic and pyruvic acid, which 
are structurally related to oxalic acid (see Figure 6-la, b, c and d). The above 
mentioned dicarboxylic acids were also crystallised with strychnine and are discussed 
in Chapter 7. These acids were chosen on their presumed ability to crystallise readily 
with brucine from aqueous solutions. This was, however, not always the case, but 
crystallisations from different solvents were successful. 
0 	0 
>\/e 











Figure 6-1: Showing (a); the dicarboxylic acid series with n = 0: oxalic acid, n = 1: malonic acid, n = 
2: succinic, maleic and fumaric acid, n = 3: glutaric acid, n= 4: adipic acid, n = 5:pimelic acid, n = 6: 
suberic acid, (b); oxamic acid, (c); pyruvic acid, (d); lactic acid. 
The oxamic acid series are discussed first. The aim of these crystallisations is 
to study the changes in the brucine packing created by the difference in functional 
groups on the acids, while the size of the molecule remains similar. The succinate, 
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maleate and fumarate were crystallised to study the effect of the carboxylate 
orientation on the crystal structure or brucinium packing. The dicarboxylic acids 
were crystallised to study the effect of the chain length on the brucinium packing. 
The conformations of the acids are not discussed in detail except so far as they affect 
the brucine packing. The emphasis in this chapter will lie on the brucine packing and 
the effect induced by the differences in the acids. 
6.2 BRUCINIUM OXALATE 
6.2.1 Crystal Structure Determination 
Crystals were obtained overnight from a supersaturated aqueous solution of 1 
and oxalic acid prepared by heating. A well-formed plate was picked from a batch of 
colourless plates. The unit cell of the crystal was determined to be C-centered 
orthorhombic with a = 12.233(2)A, b = 14.461(3)A, c = 27.200(7)A (V = 
4811.7(17)A  3)  from 56 reflections with 35 :~ 20 :~ 40 and at T = 220 (2)K. 
A total of 2916 reflections was collected with 1696 reflections F 0 > 6a, 661 
reflections 2cy < F0 < 6a and 559 reflections F0 <2cr (1/a = 11.68). The spacegroup 
was determined to be C222 1 from the systematic absences in 001, 1 = 2n + 1. The JE2- 
= 0.73 8 value indicates a normal non-centrosymmetric structure. 
A total of 2443 independent reflections was used for solution and refinement. 
The structure was solved by DIRDIF. The structure solved to contain a brucinium, 
half an oxalate and 7 water positions per asymmetric unit of 11 (all the 








Figure 6-2: the used numbering scheme for the licarboxylic acids. 
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Table 6-1: X-ray Crystallographic data for 11 
Empiricalformula 2(C23 H27N204) (C204)
2- 4.4 
(H20) 
Formula weight 509.23 
Crystal system Orthorhombic 
Space group C222 1 
Unit cell dimensions a= 12.233(2)A 
b= 14.461(3)A 
27.200(5)A 
V, '43 4811.7(17) 
Z 4 




cryst. dim., mm 0.60 x 0.38x 0.08 
1u,mm 1 0.920 
scan type (0-0 
scan width 2.1 + 0.15 tanO 
Gmax 70.28 
refl. measured 2916 
indep. refl. 2443 
no. ofparams ref. / restraints 351 / 0 
refl,I>2o1 1685 
RI, I>2o(I) 0.0719 
wR2, all data 0.2003 
Flack parameter -0.4(7) 
min and max el. dens., A 3 -0.292 and 0.39 1 
Weighting scheme 0.1069 + 5.3544 
extinction coefficient 0.00110(19) 
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All non-hydrogen atoms were refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with isotropic thermal parameters 
1.2 or 1.5 times of the atom attached. The two methyl groups C(22) and C(23) of 
each brucine were calculated to maximise the sum of electron density at the hydrogen 
positions. 
The hydrogens on the water molecule were either found or placed to form 
hydrogen bonds to the nearest acceptors and restrained in the positions most likely to 
hydrogen bond. Two waters are twofold disordered; 0(1W) (which refined to an 1 to 
4 ratio and was fixed to this value) and 0(5W) (which refined to a 1 to 1 ratio and 
was fixed to this value), while 0(2W) lies on a special position and thus only has one 
hydrogen per asymmetric unit. The 0(4W) refined to a site occupancy of 40 % and 
was fixed at this value. The oxalate is positioned on a twofold axis. 
6.2.2 Molecular geometry and Crystal Packing 
6.2.2.1 Brucine 
The brucinium cation shows no unusual features. The relatively flexible 
methoxy groups show no changes from the normal. The in plane distortion of the 
methoxy ring angles are; 
0(3)-C(3)-C(2) 	123.2(6) 	 0(4)-C(4)-C(5) 	124.3(6) 
0(3)-C(3)-C(4) 117.5(6) 0(4)-C(4)-C(3) 113.3(6) 
The methyl groups bend away from the aromatic ring with normal angles The two 
corresponding torsion angles indicating the out of plane distortion show the C(22)-
0(3) methoxy groups to lie within the plane of the ring; 
C(22)-0(3)-C(3)-C(2) 	-2.4(9) 
C(23)-0(4)-C(4)-C(5) 13.5(10) 
But the C(23)-0(4) methoxy groups bends out of the plane with an 13.5° angle. The 
three bond lengths around the protonated N(2) are exceptional: 
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N(2)-C(15) 	 1.522(11) 	 4 
N(2)-C(10) 1.508(10) 





as the sequence of bond lengths is usually N(2)-C(9) > N(2)-C( I 0)N(2)-C( 15) but 
here is N(2)-C(9) N(2)-C(15) > N(2)-C(IO). 
/ 
'p 
Figure 6-3: Showing 11 along b with only the brucimums clearly indicating the antiparallel ribbons 
and layers. 
6.2.2.2 Molecular packing 
The crystal structure of 11 is dominated by the typical brucinium layering (see 
Figure 6-1). Here the dimpled layers are formed, as seen in 7, from a stacking of 'out 
of phase' ribbons. The structure of 11 is built up by the 2-fold screw axis, the 2 2-fold 
rotation axes, the unit cell repeat and C-centering. This multiplet of symmetry 
operations creates the brucinium layer and the antiparallel orientation of the layers. 
The brucinium ribbon is created by the screw axis (C-centering) and by the twofold 
axis. The twofold-axis generates the bruciniums in the b direction while the centering 
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(screw-axis) creates the second brucine in the ribbon (along a). The third bruciniurn 
up is a unit cell repeat. The neighbouring brucinium layers are created by the screw-
axis and thus have a different polarity. 
The orientation and positioning of the brucinium in the layer should look 
similar to what was seen before. As a basis for the observations the ab-plane is taken. 
The a cell dimension of 12.233(2)A is a measure of the puckering. The angle 
between the bruciniums defined by Li and is between two bruciniums 114.6° (see 
Figure 6-4). The thickness of a ribbon is half c = 7.2305(3)A. By means of these 
measures the typical brucinium layer is described with average puckering and 
distances. The normal of the bruciniums P1 is giving the positioning of the 
bruciniums in the ac-plane. The normal P1 shows the brucinium to have an tilt of 
24.2° with the b-axis. This considerable tilt of the brucinium in the ribbon was also 
seen in 7 and is considerable more than seen in brucinium ribbons which are 
orientated parallel. 
a bxc b axc c bxa 
Li 	32.7 147.3 74.2 105.8 62.2 117.8 
P1 85.9 94.1 155.8 24.2 66.2 113.8 
Figure 6-4: Showing the unit cell directions the lines Li and the brucinium normals P1 (-0.0707 x0 - 
0.4033z0  ) describing the brucinium position in the unit cell of ii by means of the angles with cell 
edges and normals of cell faces. 
The brucinium head only has close-neighbours in one direction as is seen 
Figure 6-5. The environment of the tabulated atoms shows normal or shorter 
distances, which is also reflected in the unit cell dimension of b. The puckering can, 
reflected in these distances, be seen as normal to what has been observed before by 
this degree of puckering. 
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D-H...A d(D ... A) <(DHA) 
N(2) 0(10)41 2.763(10) 155.6 
0(JWA) 0(1) 2.743(12) 166.3 
0(I WA) 0(10)#2 2.793(14) 159 
0(1WB) 0(1) 3.05(6) 179.9 
0(IWB) 0(10)#2 3.20(5) 	128.5 
0(2W) 0(3W)#3 2.728(9) 168.4 
D-H...A 
0(3W) 0(5WB) 




0(3W)0(20)#4 2.798(11) 153.8 
0(4W) 0(20)#5 2.902(18) 146.4 
0(4W) 0(1 WA) 2.73(2) 178.9 
0(5WA) 0(IWA) 2.63(2) 122.1 
0(5WB) 0(3W) 3.055(17) 179.5 	j 
0(3W) 0(5WA) 	2.458(17) 158.1 	1 
Symmetry transformations used to generate equivalent atoms: 
#1: -x+1,y,-z+1/2 	42: -x+112,-y+1/2,z+112 	 #3: x,-y,-z+1 
#4: -x±1,-y,z+112 #5: x-1/2,-y+1/2,-z+l #6: -x,y,-z+3/2 
rS 7-'N 
I 	 )- 
0(3)-C(1O) 	3.344 	C(3)-0(2) 	3.620 	 0(4)-C(1 1) 	3.331 
0(3)-C(1 1) 3.668 C(4)-N(1) 3.562 0(4)-N(1) 3.218 
0(3)-0(2) 	3.768  
Figure 6-5: Showing and giving the distances for 0(3), 0(4), C(3) and C(4) (not shown are the given 
distances for the C(3) and C(4). 
The carboxyl group of the oxalate binds to the protonated N(2) in 11, but is 
not bifurcating. This might be caused by the binding of the oxalate to two bruciniums 
in different layers (see Figure 6-7). The hydrogen bonding network of 11 is shown in 
Figure 6-6 with all water positions and their bonding, and is tabulated in Table 6-2. 
The disordered 0(1W), occupies the dimple where 0(1) of a brucine is positioned 
and connects by hydrogen bonding the brucinium and the oxalate (0(20)). No 
obvious reason for the disorder in both the 0(1W) and 0(5W) position can be 
observed in the hydrogen bonding network. The other hydrogen bonds are mostly 
interconnecting the various waters and 0(20). The hydrogen bonding to 0(20) 
seems to consist of less significant hydrogen bonds to the waters, which is reflected 
in the longer bond to the C(10). 
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Figure 6-6: View along the c-axis showing the hydrogen bonding in 11 with the only the N(2) and the 
0(1) of the brucinium, and O(IWA) and 0(5WA) 
Figure 6-7: View along the ab-diagonal showing the hydrogen bonding in 11 
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6.3 BRUCINE OxAMIc ACID 
Crystals were obtained overnight from a supersaturated solution of 1 and 
oxamic acid in ethanol under heating. A colourless lump was picked from a batch of 
lumps. The unit cell of the crystal was determined to be primitive monoclinic with a 
= 7.673(2)A, b = 27.301(7)A, c = 12.065(6)A and 3 = 91.22(3)° (V = 2526.9(15)A 3 ) 
from 51 reflections with 40 ! ~ 20 :~ 44 and at T = 220 (2)K. 
A total of 2820 reflections was collected with 1866 reflections F 0 > 6cr, 532 
reflections 2cr <F 0  <6cr and 422 reflections F. < 2cr (11cr = 13.49). No data above 0 = 
500 were collected due decrease in intensity, as crystal quality was poor. The 
spacegroup was determined from the systematic absences to be P21. The JE 2 - fl = 
0.775 value indicates a normal non-centro symmetric structure. 
A total of 2654 independent reflections was used for solution and refinement. 
The structure solved to contain two bruciniums, two oxamates, two ethanols and one 
water per asymmetric unit of 12 (all the crystallographic data for 12 are given in 
Table 6-3). 
The structure refinement gave problems. With a n-angle of 91.22(3)° near 90° 
the unit cell could possibly be primitive orthorhombic with the space group P2 1 2 1 2 1 
which the systematic absences seem to indicate. The structure solved in this setting 
but the refinement in a monoclinic setting was favoured. The refinement in the 
monoclinic unit cell showed a two-fold rotation disorder (disordered component 
8.3(l0)%) around a (Matrix: 1 0 0 0 -1 0 0 0 -1) and gave a better fit reflected in the 
RI-factor. Due to the data quality, disorder and twinning the Rl-factor is quite high. 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised hydrogen positions and allowed 
to ride on the non hydrogen atoms to which they are attached with the isotropic 
thermal parameters as being 1.2/1.5 times of the atom attached. The two methyl 
groups C(22) and C(23) of each brucine were calculated to maximise the sum of 
electron density at the hydrogen positions. 
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Table 6-3: X-ray Crystallographic data for 12 
Empirical formula 1.6 (C 23H27N204), 0.4 (C 23H27N204). 1.6 
(C2H3N103)_, 2.4 (C 2H601), 0.5(H20) 
Formula weight 524.18 
Crystal system Monoclinic 
Space group P2 
Unit cell dimensions a = 7.673(2)A 
b=27.301(7)A 




1D,Mg/m 3 1.378 
F000 1117 
temp, K 220.0(2) 
radiation Cu-Ka 
cryst. dim., mm 0.35 x 0.27 x 0.19 







no. of params ref. / restraints 
refl,I>2o1 
RI, I>2o('I) 
wR2, all data 
Flack parameter 
min and max el. dens., A3 
Weighting scheme 
extinction coefficient 









-0.521 and 0.502 
0.2000 + 0.00 
0.0007(8) 
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The bruciniums showed no disorder. The two oxamate positions were both 
disordered by replacement in 20% of the cases by ethanols at the position. This 
means that four of the five brucines are protonated. The site-occupancies refined to 
this approximate value and were fixed to it. The two ethanols at the oxamate 
positions are each twofold disordered. The two other ethanols are fully occupied and 
show no disorder. 
6.3.1 Molecular geometry and Crystal Packing 
6.3.].] Brucine 
The two bruciniums are virtually equal structured, but the results are not 
stressed because of their quality. The relatively flexible methoxy groups show no 









The methyl groups bend away from the aromatic ring with normal angles. The four 
corresponding torsion angles indicate the out of plane distortion of the methoxy 
groups to lie within the plane of the aromatic ring except the C(23)-0(4) methoxy 





The two pairs of three bond lengths around the protonated N(2) show a diverse range 




N(2)-C( 15) 1. 5 8(2) 
N(2)-C( 10) 1.50(2) 
N(2)-C(9) 1.50(2) 	 3 




reflecting strongly the less reliable results shown by this refinement. They will as 
such also be discarded from now on. 
6.3.1.2 Molecular packing 
The main feature of 12 is the typical anti-parallel brucinium layering. This is 
created by two bruciniums with the screw-axis in the monoclinic cell. The puckered 
brucine ribbons and layers are build up by unit cell repeats in the a and c directions. 
Where in 6 the bruciniums were in different layers and the screw axis running along 
the ribbon direction here the bruciniums are in the same ribbon and the screw-axis is 
parallel to the layer. Thus each neighbouring brucinium layer has a different polarity 
created by the screw-axis. 
Figure 6-8: View along the a-axis showing the typical brucinium puckering along b with anti-parallel 
brucinium layers. 
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The puckering of the layers is reflected in the c-cell dimension of 12.065(6)A. 
This indicates a rather pronounced puckering which is reflected in the angle of the 
bruciniums with the c-axis and each other. The angles of Li and Li' with the c-axis 
are 36.8° and 35.8° respectively and with each other 107.5° (see Figure 6-9). The 
ribbons thickness is the reflected in the a-axis cell dimension. But as the bc-plane is 
taken as the basis of the observations the a sinfl of 7.671(2)A is the distance to be 
looked at. The tilt of both the bruciniums (see P1 and P1' in Figure 6-9) show both 
bruciniums to have lifted their heads while tilting to their left (N(2) side). Note that 
the P1 direction should be rotated which would result in the direction being in the 
same quadrant as P1'. 
II. 
b 
a bxc b axc c bxa 
LI 101.0 80 124.9 55.1 36.8 142.9 
P1 167.4 11.3 88.7 91.3 101,3 77.5 
Li' 80.0 100.3 56.1 123.9 35.8 144.6 
P1' 170.6 10 86,0 94.0 80.3 98.5 
Figure 6-9: Showing the unit cell directions (or their normals) and the lines Li and Li' and the 
brucinium normals P1 a ( -0.0230 Yo + 0.1953; ) and P1' (-0.0695 Yo - 0.1681; ) describing the 
brucinium position in the unit cell of 12 by means of the angles with cell edges and normals of cell 
faces. 
The environment of the brucine head is tabulated in Figure 6-10. The 
tabulated distances show the underlying brucine to be in a normal position while the 
brucinium above is further away. Otherwise the distance between bruciniums in a 
ribbon stays similar, but the distance between the ribbons increases. This might be 
induced by the higher degree of puckering. In 4, though with a higher degree of 
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puckering it was seen that the distances to C(4) and 0(4) remained similar, but the 
distance to C(3)and 0(3) increased due to puckering. 
O(3)-C(1 0') 3.746 C(3)-C(13') 4.806 O(4)-C(1 1') 3.663 
0(3)-C(1 1') 3.997 C(3)-0(2') 3.376 0(4)-C(13') 4.559 
O(3)-C(1 3') 3.712 C(4)-N(1') 3.662 0(4)-C(14') 3.758 
0(3)-0(2') 3.476 C(4)-C(14') 4.267 0(4)-N(1') 3.412 
0(3')-C(lO) 3.805 C(3')-C(13) 4.641 0(4')-C(l1) 3.790 
0(3')-C(l 1) 4.032 C(3')-0(2) 3,470 O(4')-C(13) 4.548 
O(3')-C(13) 3.632 C(4')-N(I) 3.664 0(4')-C(14) 3.741 
0(3')-O(2) 3 . 500 
Figure 6-10: Showing and giving the distances for 0(3), 0(4), C(3) and C(4) (not shown are the 
distances for the C(3) and C(4). 
Figure 6-11: Showing a view along the a-axis of the brucinium layer within between the oxamate and 
the ethanols in 12. 
The hydrogen bonding in 12 (see Figure 6-11) shows bifurcating hydrogen 
bonds between the protonated N(2) and the deprotonated carboxylate. There is a 
preference to bind to one of the oxygens on the carboxylate, which is indicated by a 
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shorter distance and better angle (see Table 6-4). The amide on the oxamate either 
binds to the amide on the other oxamate or binds to the ethanols. The disordered 
ethanols at the oxamate positions show no hydrogen bonds. The remaining hydrogen 
bonds are between the two ethanols and the water filling up the channels. The 0(1) 
on each brucinium either binds to an ethanol or the water. 
Table 6-4: showing the hydrogen bonds observed in 12. 
D-H A d(D A) <(DHA) 
N(2)..., 0(209 #1 2.63(2) 162.5 
N(2) ... O(109#1 3.25(2) 136.5 
N('29...0(20) 2.69(2) 161.1 
132.8 
N2O,L.O(2E)#2 2.96(3) 153 
N(20') ... O(30)#3 3.07(3) 167.6 
D-JL..A  
N(209 ... O(2E)#4 3.10(3) 127.8 
0(2E)...0(309 2.77(3) 144.8 
O(2E9 ... O(1)#4 2.78(3) 139.4 
O(1 	... O(79#5 2.838 179.75 
O(7W) ... O('209#13.188 179.68 
O(JW) ... N('209#1 3.145 116.23 
Symmetry transformations used to generate equivalent atoms: 
41: -x+2,y+1/2,-z+1 	#2: x,y,z+1 	#3: x-1,y,z-1 
#4:x-1,y,z 	 #5: x+1, y, z+l 
6.4 BRUCINE LACTIC ACID 
This section consists of two crystal structures obtained from different batches. 
Both were obtained from a solution of 1 and S-(+)-lactic acid in acetone. The first 
data collection resulted in a triclinic cell with a very poor refinement, caused by the 
data intensity. On the second crystal from a different batch data was collected which 
resulted in an orthorhombic cell. The first crystals could not be obtained again. For 
the triclinic structure the observed pattern will be discussed on appearance only and 
no quantifications will be given to the bond lengths and angles, i.e. they will not be 
reported, discussed or used for further calculations. The reason the triclinic structure 
will be discussed lies in the fact that the packing arrangement shows a brucine ribbon 
pattern, which the orthorhombic structure does not show. The positioning of the 
brucinium will be reported. 
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6.4.1 Triclinic Cell Crystal Structure Determination 
Crystals were obtained overnight from a supersaturated solution of 1 and S-
(+)-lactic acid in acetone prepared by heating. A well formed lath was picked from a 
batch of colourless laths. The unit cell of the crystal was determined to be primitive 
triclinic with a = 9.326(22)A, b = 9.637(24)A, c = 15.18(4)A, a = 98.51(21)°, /3 = 
102.77(21)° and y= 98.61(19)° (V = 1292)A3) from 14 reflections with 30 :~ 20 :~ 49 
and at T = 220 (2)K. 
A total of 2099 reflections were collected with 718 reflections F. > 6a, 662 
reflections 2cy < F0 < 6a and 719 reflections F 0 < 2c (mean 1/cy = 3.89). The 
spacegroup was uniquely determined to be P1. The 1E 2-1I = 0.795 value indicates a 
normal non-centrosymmetric structure. A total of 2099 independent reflections were 
used for solving and refining. The structure solved to contain two bruciniums and 
three lactates per asymmetric unit of 13a. As can be detected from the intensities and 
the mean I/s of 3.89, the data quality was poor from a badly diffracting crystal. Data 
were measured up to 0 = 45.02 due to lack of intensity for higher 0 values. The 
structure was solved with two bruciniums and three lactate positions. None of the 
non-hydrogens was refined with anisotropical parameters and all the hydrogens were 
placed. 
6.4.2 Molecular geometry and Crystal Packing in the Triclinic Cell 
The structure of 13a is dominated by parallel dimpled brucinium layers 
composed from 'out of phase' orientated brucinium ribbons. These dimpled layers 
are build up solely by unit cell repeats from the 2 bruciniums (PI). The angle 
between the two bruciniums is 116° showing a normal puckering between the 
bruciniums. The orientation of the bruciniums in the unit cell, usually indicated by 
P1, shows the expected increased tilt to the left N(1) side with a lifted head. The 
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interaction between the bruciniums in the 
head to tail arrangement with 'out of phase' 
aligned brucinium ribbons, as described in 7 
and 11, shows normal distances. The normal 
ionic interaction of an approximate 3A 
between the protonated N(2) and the 
deprotonated carboxyl group is observed 
between both bruciniums and lactates. No 
other direct interactions which could be 
interpreted as hydrogen bonds could be 
observed. 
Figure 6-12: View along the ab-
diagonal showing the 'out of phase' 
brucine ribbon packing in 13a. 
6.4.3 Orthorhombic cell Crystal Structure Determination 
Crystals were obtained overnight from a supersaturated solution of 1 and S-
(+)-lactic acid in acetone prepared by heating. A well formed block was cut from a 
larger block which was picked from a batch of colourless blocks. The unit cell of the 
crystal was determined to be primitive orthorhombic with a = 8.707(2)A, b = 
15.038(3)A and c = 18.096(4)A (V = 2369.5(8)A3 ) from 40 reflections with 22 :~ 28 
26 and atl220(2)K. 
A total of 2446 reflections was collected with 1500 reflections F 0 > 6, 481 
reflections 2c <F0 < 6c and 465 reflections F. < 2c (JIg = 10.25). The spacegroup 
was determined from the systematic absences to be P2 1 2 1 2 1 . The 1E2-1I = 0.772 value 
indicates a normal non-centrosymmetric structure. 
A total of 2375 independent reflections was used for solving and refining. 
The structure solved to contain a brucinium and a lactate per asymmetric unit of 13b 
(all the crystallographic data for 13b are given in Table 6-5). 
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All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised hydrogen positions and allowed 
to ride on the non hydrogen atoms to which they are attached with the isotropic 
thermal parameters as being 1.2/1.5 times of the atom attached. The two methyl 
groups C(22) and C(23) of the brucine were calculated to maximise the sum of 
electron density at the hydrogen positions. The hydrogens on the hydroxyl group 
(0(2L)) and the methyl group (C(1L)) on the lactate were placed with the same 
procedure. 
6.4.4 Molecular geometry and Crystal Packing 
6.4.4.1 Brucine 
The brucinium is isostructural to bruciniums discussed before with only the 
relatively flexible methoxy groups here showing a change from the normal. The 
methoxy ring angles for the 0(3)-C(22) group shows the normal behaviour but the 
0(4)-C(23) group shows angles close to 1200.  The methyl groups bent away from the 
ring with the following angles; 
0(3)-C(3)-C(2) 	124.6(4) 	 0(4)-C(4)-C(5) 	118.8(4) 
0(3)-C(3)-C(4) 114.9(4) 0(4)-C(4)-C(3) 120.3(4) 
The two corresponding torsion angles indicate that the methoxy group 0(3)-C(22) 
lies within the plane of the aromatic ring but the 0(4)-C(23) group comes out of the 
plane under the following angles; 
C(22)-0(3)-C(3)-C(2) 	-5.3(8) 
C(23)-0(4)-C(4)-C(5) 114.8(5) 
With the methoxy group coming out of the plane under an 65° angle the steric effect 
of the aromatic ring on the 0(4)-C(4)-C(5) angle is negligible and the angle is near 
the expected 120°. 
The three bond lengths around the protonated N(2) have the familiar range: 
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Table 6-5: X-ray Crystallographic data for 13b 
Empiricalformula (C23H27N204 	+ (C 311503 ) 
Formula weight 484.54 
Crystal system Orthorhombic 
Space group P2 1 2 1 21 
Unit cell dimensions a = 8.707 (2) 
b= 15.038(3) 
c = 18.096 (4) 
V. A 3 2369. 5 (8) 
Z 4 
D, Mg/ m 3 1.358 
F000 1032 
temp, K 220.0(2) 
radiation MoKa 
cryst. dim., mm 0.35 x 0.31 x 0.27 
p, mm1 0.099 
scan type o—O (with Learnt Profile) 
Omax 24.99 
refi measured 2446 
indep. refl. 2378 
no. ofparams ref. /restraints 321/0 
refl,I>2a1 1714 
RI, I>2cr(I) 0.0531 
wR2, all data 0.1211 
Flack parameter 3(3) 
min and max el. dens., A 3 -0.209 and 0.219 
Weighting scheme 0.0420 + 0.7595 
extinction coefficient 0.0082(9) 
Ir& 
23 
N(2)-C(15) 	 1.496(6) 
N(2)-C(10) 1.509(7) 




the sequence of bond lengths being N(2)-C(9) > N(2)-C(1O)N(2)-C(15). 
64.4.2 Molecular packing 
The packing shown by the bruciniums is unique. No reason for the brucinium 
not packing in ribbons can be found besides the accommodation of the bruciniums 
for the lactates. The bruciniums pack in pillars along a with each cation on top of 
another (see Figure 6-13). In a pillar the bruciniums have an opposite orientation 
along c but the same orientation along a. Each pillar is surround by 4 pillars with an 
opposite direction along a. The channel created by four of those channels is occupied 
by the lactates. One of the oxygens of the lactate is involved in a hydrogen bond to 
the protonated N(2), while the other forms an intermolecular hydrogen bond with the 




Figure 6-13: View along a showing the brucinium pillars within between the lactates and the hydrogen 
bonds O(2L) ... O(3LA) of 2.600(5)A under an angle of 118.8° and N(2) ... O(3LB)#1 of 2557(5)A 
under an angle of 174.4 0 (#1: 1/2,-y+3/2,-z+2). 
6.5 BRUCINE PYRUVIC ACID 
Crystals were obtained overnight from a supersaturated solution of 1 and 
pyruvic acid in ethanol prepared by heating. A well formed colourless block was 
picked from a batch of colourless blocks. The unit cell of the crystal was determined 
to be primitive orthorhombic with a 7.5823(14)A, b = 12.297(3)A, and c = 
27.863(5)A (V = 2597.9(9)A 3) from 63 reflections with 40 20 :! ~ 44 and at T = 220 
(2)K. 
A total of 4569 reflections was collected with 3772 reflections F 0 > 6a, 462 
reflections 2cy <F0 < 6a and 335 reflections F0 <2cy (I/cs = 17.76). The spacegroup 
was determined on the systematic absences to be P2 1 2 1 2 1 . The 1E2-lI = 0.758 value 
indicates a normal non-centrosymmetric structure. 
A total of 3726 independent reflections was used for solving and refining. 
The structure solved to contain one brucinium, one pyruvate, one ethanol and a 
quarter of water per asymmetric unit of 14 (all the crystallographic data for 14 are 
given in Table 6-6). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters as being 1.2 or 1.5 times of the atom attached. The two methyl groups 
C(22) and C(23) of each brucine were calculated to maximise the sum of electron 
density at the hydrogen positions. The pyruvate keton is twofold disordered with the 
carboxyl carbon and the methyl keeping the same position but with twofold disorder 
reflected in the substituents. The two fragments of the twofold disorder refined each 
to a 50% occupancy. For later refinements the occupancies were fixed to this value. 
The hydrogens on the water molecule were placed to form hydrogen bonds to the 
nearest acceptors with the restriction of an appropriate angle and restrained in the 
positions most likely to hydrogen bond.. 
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Table 6-6: X-ray Crystallographic data for 14 
Empirical formula (C23H27N204)F + (C3H403 y + 
(C2H60) + 0.25 (H20) 
Formula weight 533.09 
Crystal system Orthorhombic 
Space group P2 1 2 1 21 
Unit cell dimensions a 	7.5823(14)A 
b=12.297(3)A 
c = 27.863(5)A 







cryst. dim., mm 0.54 x 0.23 x 0.16 
p,mm' 0.831 
scan type -20 (with Learnt Profile) 
Omax 60.08 
refi measured 4569 
indep. refl. 3726 
no. of params ref. /restraints 382/112 
refl,I>2a1 3364 
RI, I> 2c(I) 0.0775 
wR2, all data 0.2120 
Flack parameter 1.2(5) 
min and max el. dens ; A 3 -089 and 0.463 
Weighting scheme 0.1417± 1.1414 
extinction coefficient 0.0006(4) 
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6.5.1 Molecular geometry and Crystal Packing 
65.1.1 Brucine 
The brucinium is isostructural with respect to bruciniums described before. 
The relatively flexible methoxy groups show no changes from the normal.. The in 
plane distortion show the methyl groups to bend away from the ring with angles; 
0(3)-C(3)-C(2) 	123.6(4) 	 0(4)-C(4)-C(5) 	124.7(4) 
0(3)-C(3)-C(4) 115.6(4) 0(4)-C(4)-C(3) 114.7(4) 
The two corresponding torsion angles indicating the out of plane distortion show the 
methoxy groups to lie within the plane of the aromatic ring; 
C(22)-0(3)-C(3)-C(2) 	1.5(6) 
C(23)-0(4)-C(4)-C(5) 2.9(7) 
The three bond lengths around the protonated N(2) show to have the familiar range: 
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N(2)-C(15) 	 1.517(7) 	 4 
N(2)-C(10) 1.510(6) 
N(2)-C(9) 	 1.533(6) 
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the sequence of bond lengths being N(2)-C(9) > N(2)-C(l0)N(2)-C(15). 
6.5. 1.2 Molecular packing 
The crystal structure of 14 is dominated by the typical brucinium layering (see 
Figure 6-14). The structure is built up by the three screw-axes and one brucinium 
resulting in the typical anti-parallel layers running along b. Half of c (13.932(5)A) 
gives the distances between two layers. The layers are positioned such that in 
between them a layer is formed, in which the pyruvate and ethanol is positioned. The 
a-axis of 7.5823(14)A indicates the thickness of the layer and the b-axis of 
12.297(3)A gives the degree of puckering. The angle between two bruciniums given 
by Li is 109.61, which shows a slightly enhanced puckered (see Figure 6-15). 
Overall a typical brucinium layer with average puckering and distances is described. 
This is confirmed by the normal of the bruciniums P1 which gives the positioning of 
the brucinium in the bc-plane. The normal P1 shows the brucinium to have an tilt of 
7.5° with the a-axis. While the brucinium is leaning over to the N(2) side with the 
0(1) coming up under angle of 92.2° with the normal of the axb plane. 
Figure 6-14: View along the a-axis of 14 showing the hydrogen bonds between the anti-parallel 
brucinium layering and the major part of the disordered pyruvate and the ethanol. 
a bxc b axc c bxa 
LI 	82.5 97.5 35.2 144.8 124.2 55.8 
P1 172.1 7.9 82.4 97.6 92.2 87.8 
Figure 6-15: Showing the unit cell directions, the line LI and the brucinium normal P1 (-0.1318 Yo + 
0.0376z0 ) describing the brucinium position in the unit cell of 14 by means of the angles with cell 




The head to tail interactions are shown in Figure 6-16. A strange phenomenon 
is shown here. The brucinium layer, as described by the unit cell dimensions and the 
positioning by the vectors Li and P1, should have a normal layering. The distances 
tabulated in Figure 6-16 show to be elongated. This might be explained by the 
unusual tilt of the brucinium observed here and the degree of puckering resulting in 
especially the 0(4) side having elongated distances to the C(14). 
Figure 6-16: Showing and giving the distances for 0(3), 0(4), C(3) and C(4) (not shown are the given 
distances for the C(3) and C(4). 
The hydrogen bonding shown in 14 shows the expected ionic bond between 
the protonated N(2) and the carboxylate on the pyruvate (see Table 6-7). The ethanol 
as a hydrogen bonding donor binds to the most likely acceptor on the brucinium; the 
amide 0(1). The water bonds to the pyruvate and brucinium amide 0(1). The 
hydrogen bonding network might give the explanation for the pyruvate disorder. The 
0(2)' ketone of the pyruvate is capable of forming a hydrogen bond to the N(2) on 
the brucinium. This bond although unfavourable through distance and angle might be 
the cause of the disorder. 
Table 6-7: The hydrogen bonds observed in 14 
d(D...A) 	<(DHA) D-H...A d(D ... A) 	<('DHA) 
N(2) ... O(3B9#1 	2.619(8) 152.7 0(2E)L.0(1)#2 2.773(5) 177.6 
2.790(11) 	156.4 O(JW) ... O(3B") 3.05(3) 	121.3 
IN(2) ... O(29#1 	3.230(13) 125.9 0(1W)...0(1)#3 2.78(3) 179 
Symmetry transformations used to generate equivalent atoms: 
#1: x+1/2,-y+1/2,-z+l 	#2: -x+1!2,-y,z+1/2 #3: -x-1/2,-y,z+1/2 
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6.6 BRUCINIUM MALONATE 
6.6.1 Crystal Structure Determination 
Crystals were obtained overnight from a supersaturated solution of 1 and 
malonic acid in DMF prepared by heating. A well formed plate was picked from a 
batch of colourless plates. The unit cell of the crystal was determined to be primitive 
monoclinic with a = 7.896 (6)A, b = 28.680(19)A, c = 12.607(12)A and 3 = 90.68 (V 
= 4811.7(17)A 3) from 75 reflections with 40 :! ~ 20 :~ 44 and at T = 220.0 (2)K. 
A total of 4058 reflections was collected with 2372 reflections F 0 > 6a, 731 
reflections 2cy <F 0 < 6cy and 955 reflections F 0 <2cy (1/a = 16.49). The spacegroup 
was determined to be P2 1  from the systematic absences in the OkO, k = odd region. 
The 1E2-lI = 0.877 is higher than expected for a non-centrosymmetric structure. 
For the solution and refinement 4030 independent reflections were used. The 
structure was solved by DIRDIF. The structure solved to contain two bruciniums, 
two malonates, two DMF's and 2 water positions per asymmetric unit of 15 (all the 
crystallographic data for 15 are given in Table 6-8). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised hydrogen positions and allowed 
to ride on the non hydrogen atoms to which they are attached with the isotropic 
thermal parameters as being 1.2 or 1.5 times of the atom attached. The two methyl 
groups C(22) and C(23) of each brucine were calculated to maximise the sum of 
electron density at the hydrogen positions. The hydrogens on the water molecules 
were either placed or electron density found to form hydrogen bonds to the nearest 
acceptors with the restriction of an appropriate angle and restrained in the positions 
most likely to hydrogen bond. 
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Table 6-8: X-ray Crystallographic data for 15 
Empirical formula 2(C23H27N 204  ) + 2(C3H30 	+ 
2 C3 147NO + H20 
Formula weight 581.63 
Crystal system Monoclinic 
Space group P2 1 
Unit cell dimensions a = 7.896 (6)A 
b=28.680(19)A 









cryst. dim., mm 0.54 x 0.54 0.19 
p, 
 
mm -1  0.846 
scan type 
scan width 4 + 0.15 tanO 
Omax 59.99 
refi measured 4058 
indep. refl. 4030 
no. ofparams ref. /restraints 871/247 
refl,I>2a1 2723 
RI, I>2o(I) 0.1060 
wR2, all data 0.3118 
Flack parameter 0.4(10) 
min and max el. dens., A 3 -0.320 and 0.411 
Weighting scheme 0.1125 + 13.5458 
extinction coefficient 0.0026(5) 
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Both the malonates, the DMF's and waters are twofold disordered with a 50 
% occupancy (see Figure 6-17). The refinement of the occupancies refined to a 50% 
occupancy and were subsequently fixed to this value. All four molecules were 
restrained to have similar anisotropic values (SHELXL command SIMU with e.s.d.'s 
of 0.02 and 0.02). The refinement was hindered by the disorder and the data quality 
resulting in a poor RI. 
C), 
Figure 6-17: The 50% disordered malonates, DMF's and waters with one of the disordered parts 
depicted with open rods. 
6.6.2 Molecular geometry and Crystal Packing 
6.6.2.1 Brucine 
The brucinium cation shows no unusual features. The relatively flexible 
methoxy groups show no changes from the normal. The in plane distortion shows the 
methyl groups to bend away from the ring with angles; 
0(3)-C(3)-C(2) 124.1(14) 0(4)-C(4)-C(5) 121.6(15) 
0(3)-C(3)-C(4) 116.5(15) 0(4)-C(4)-C(3) 115.1(15) 
0(3 ')-C(3 ')-C(2') 123.5(15) 0(4')-C(4')-C(5') 125.5(14) 
0(3')-C(3')-C(4') 116.1(15) 0(4')-C(4')-C(3') 115.3(15) 
The two corresponding torsion angles indicating the out of plane distortion show the 
methoxy groups to lie within the plane of the aromatic ring; 
C(22)-0(3)-C(3)-C(2) 	-1(3) 	 C(22 ')-0(3 ')-C(3 ')-C(2') 2(3) 







N(2')-C(1 5') 1.53(2) 
N(2')-C(10') 1.54(2) 	 3 
N(2')-C(9') 1.54(2) 
The two pairs of three bond lengths around the protonated N(2) are shown to have 
similar bond lengths: 
The sequence of bond lengths is usually N(2)-C(9) > N(2)-C(1O)N(2)-C(15). This 




Figure 6-18: Showing 15 along a with the bruciniums clearly indicating the antiparallel ribbons and 
layers and in between the malonates. DIv1F's and water layer. 
6.6.2.2 Molecular packing 
The crystal structure of 11 is dominated by the typical brucinium layering (see 
Figure 6-18). The structure of 11 is built up by the 2-fold screw axis and two 
bruciniums in a different layer with a different orientation creating the antiparallel 
layers. The brucine ribbon thickness indicated by a sin 3 = 7.895 (6)A and the degree 
of puckering by c = 12.607(12)A. Half b of 14.340(19)A is the distance between the 
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two layers. The angle of 13 = 90.68 makes the assignment of the bc plane as the basis 
for the study of the brucinium layer necessary. 
The angle of the bruciniums with the c-axis are 30.5° and 30.7° giving an 
angle between them of 118.8°. These angles indicate a normal degree of puckering 
for the brucinium layer (see Figure 6-19). The orientation of both bruciniums 
indicated by the vectors P1 and P1' is virtually equally. The bruciniums have a tilt of 
8.9° and 7.2° with the bxc normal. They are slightly lifting their heads while leaning 






a bxc b axc c bxa 
Li 92.8 88.0 158.6 121.4 31.5 148.5 
P1 171.4 8.9 98.4 81.6 87.2 91.9 
Li' 90.9 88.3 120.6 59.4 149.3 30.6 
P1' 172.5 7.2 83.1 96.9 92.1 86.9 
Figure 6-19: Showing the unit cell directions with their normals and the lines Li and Li' and the 
brucinium normals Pi (0.1463 Yo - 0.0496z0) and P1 (-0.1197 Yo - 0.0368z 0) describing the brucinium 
position in the unit cell of 15 by means of the angles with cell edges and normals of cell faces. 
The brucinium head to tail interactions show the normal spread of distances 
which was to expected from the average values found for the orientation of the 
bruciniums. 
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0(3)-C(I0') 3.51 C(3)-C(1 3') 3.91 0(4)-C(1 1') 3.55 
0(3)-C(1 1') 3.70 C(3)-0(2') 3.50 0(4)-C(13') 3.55 
0(3)-C(13') 3.35 C(4)-N(1') 3.65 0(4)-C(14') 3.39 
0(3)70(2') 3.63 c(4)-c(1 4') 3.77 0(4)-N(1') 3.12 
0(3 ) C(10) 3.62 C(3 ) C(13) 3.97 0(4 ) C(1 1) 3.62 
0(3 ) C(11) 372 C(3')-0(2) 3 53 0(4 ) C(13) 3.57 
0(3')-C(13) 3.41 C(4')-N(l) 3.56 O(4')-C(14) 3•49 
0(3')-O 161 C(4')-C(14) 3.84 0(4')-N(l) 3.15 
Figure 6-20: Showing and giving the distances for 0(3), 0(4), C(3) and C(4) (not shown are the given 
distances for the C(3) and C(4). 
The hydrogen bonding network in 15 shows the normal protonated N(2) 
deprotonated carboxyl group interactions (see Table 6-9). The N(2') bonds to both 
parts of a disordered malonate under equally favourable angles and distances. No 
reason for the disordered malonates could be found in the hydrogen bonding network. 
One of the malonates shows an intramolecular hydrogen bond between an 
unprotonated and a protonated carboxyl group. The disordered water hydrogen bonds 
between the two of the disordered amides on the DMF's. 
Table 6-9: Hydrogen bonds and angles found in 15. 
D-H...A 	d(D...A)<(PItA). 	 .D-H....A d(D.A)<(H4) 
N(2) ... O(23M)#1 2.668(17) 171.5 O(JW)...O(2FB) 	2.91(4) 	178.6 
N(29 ... O(J IM) #2 2.70(6) 	168.3 	 O(JW) ... O(2FA) 2.89(4) 178.2 
N(29 ... O(31M)#2 2.63(6) 173 O(2W) ... O(3FA) 	2.95(5) 	176.5 
0(12M)...0(13M) 2.38(2) 	132.1 	 O(2W) ... O(3FB) 3.02(5) 178.6 
Symmetry transformations used to generate equivalent atoms: 
#1: -x+1,y-l/2,-z+1 	#2: -x+1,y+112,-z+1 
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6.7 BRUCINIUM SUCCINATE 
6.7.1 Crystal Structure Determination 
Crystals were obtained overnight from a supersaturated solution of 1 and 
succinic acid in DMF. A well formed colourless block was cut from a bigger block. 
The unit cell of the crystal was determined to be primitive orthorhombic with a = 
12.430(2)A, b = 13.613(2)A, c = 14.334(2)A (V = 2425.3(8)A3 ) from 72 reflections 
with 400 :~ 20 :!~ 44° and at T = 220 (2)K. 
A total of 4219 reflections was collected with 3070 reflections F 0 > 6cy, 661 
reflections 2a <F 0 < 6cr and 488 reflections F0 <2cy (I/a = 13.30). The spacegroup 
was determined to be P2 1 2 1 2 1 from the systematic absences. The 1E 2-1I = 0.798 value 
indicates a normal non-centrosymmetric structure. 
For the solution and refinement a total of 2749 independent reflections were 
used. The structure was solved by DIRDIF. The structure solution showed to contain 
a brucinium and succinate per asymmetric unit of 16 (all the crystallographic data for 
16 are given in Table 6-10). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters as being 1.2 or 1.5 times. of the atom attached. The two methyl groups 
C(22) and C(23) of each brucine and the hydrogen on the protonated carboxylate 
were calculated to maximise the sum of electron density at the hydrogen positions. 
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Table 6-10: X-ray Crystallographic data for 16 
Empirical formula (C23H27N204) + (C4H504) 
Formula weight 512.55 
Crystal system Orthorhombic 
Space group P2 1 2 1 2 1 
Unit cell dimensions a = 12.430(2)A  
b = 13.613(2)A 
c = 14.334(2)A 
V, 43 V=2425.3(8) 
Z 4 
D, Mg/  m3 1.404 
F000 1088 
temp, K 220.0(2) 
radiation CuKa 
cryst. dim, min 0.19 x 0.15 x 0.15 
0.862 
scan type (j)-0 (with Learnt Profile) 
8max 70.04 
refi measured 4219 
indep. refl. 2749 
no. ofparams ref. /restraints 338/0 
refl,I>2cil 2240 
RI, I>2cr(I) 0.0560 
wR2, all data 0.1526 
Flack parameter 0.3 (5) 
min and max el. dens., A 3 -0.424 and 0.450 
Weighting scheme 0.0714 + 1.8437 
extinction coefficient 0.0013(3) 
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6.7.2 Molecular geometry and Crystal Packing 
6.7.2.1 Brucine 
The brucinium cation shows no unusual features. The relatively flexible 
methoxy groups show no changes from the normal. The methoxy ring angles show 
the in plane distortion with the methyl groups bending away from the aromatic ring 
with angles; 
0(3)-C(3)-C(2) 	123.8(4) 	 0(4)-C(4)-C(5) 	124.2(4) 
0(3)-C(3)-C(4) 114.8(4) 0(4)-C(4)-C(3) 116.0(4) 
The two corresponding torsion angles indicating the out of plane distortion show that 
the methoxy groups lie within the plane of the aromatic ring; 
C(22)-0(3)-C(3)-C(2) 	-3.4(7) 
C(23)-0(4)-C(4)-C(5) 1.9(7) 
The three bond lengths around the protonated N(2) show to have the familiar range: 
23 
N(2)-C(15) 	 1.492(6) 
N(2)-C( 10) 1.504(5) 




with the sequence of bond lengths being N(2)-C(9) > N(2)-C(l 0)N(2)-C(1 5). 
6.7.2.2 Molecular packing 
The crystal structure of 16 is on first sight dominated by the typical brucinium 
ribbon (see Figure 6-17), but here the seemingly parallel orientated ribbons do not 
form layers. The structure of 16 is similar to what was seen in the AMP and GMP 
structures only here the bruciniums ribbons form a matrix encapsulating the 
succinates, like the nucleotides encapsulated the brucinium ribbons (see Figure 6-22). 
Figure 6-22 also shows that the layer with parallel ribbons is followed by a layer of 
0 
LI 
brucinium ribbons with an opposite polarity. The one brucinium per asymmetric unit 
plus the three screw-axes have thus created an ABABA stacking of brucine ribbons 
in the b direction. 
Figure 6-21: View along b showing the parallel brucinium ribbons within between the succinates of 16. 
-m 
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- 
Figure 6-22: The brucinium ribbons creating a cage encapsulating the succinates in 16. 
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The unit cell dimension of b = 13.6127(21)A normally indicates the 
brucinium ribbon thickness, but here no layer is formed and the distance has no 
significance for this feature. The a cell dimension of 12.4296(19)A does indicate a 
normal degree of puckering of the ribbon while c gives a division between the 
ribbons of 14.3337(22)A. 
Not having the typical brucine layering the orientation of the brucinium 
described by the vector P1 is less significant in describing a layer, therefore it is 
striking that the brucine ribbons show a normal orientation (see Figure 6-23). The 
puckering of the ribbons gives an angle between any two bruciniums in a ribbon of 
118 . 00 .  The vector P1 indicates that on basis of the angles with unit cell the 
brucinium head is lifted while leaning over to the 0(1) side. 
a bxc b axe c bxa 
Li 	149.0 31.0 89.4 90.6 121.0 59 
P1 94.9 85.1 171.4 8.6 83 97 
Figure 6-23 Showing the unit cell directions with their normals and the line LI and the brucinium 
normals P1 a (0.0858 x0  - 0.1219; ) describing the brucinium position in the unit cell of 12 by means 
of the angles with cell edges and normals of cell faces. 
The brucinium head only has neighbours in one direction since no layer is 
formed. The environments given in Figure 6-24 show normal distances. No rigorous 
shortening or lengthening of distances has occurred, indicating a normal brucine 
ribbon. The completely normal orientation of the ribbons rises the question why the 
bruciniums are not packed in the more common layer? No obvious reason for this 
behaviour can be found. Since on first glance nothing would prevent the ribbons to 
form a system of parallel brucine layers. The answer might simply be that this system 
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finds the highest order and closest packing in this orthorhombic setting, while a layer 
system would mean lesser order and packing. 
0(3)-C(i0) 	3.604 	C(3)-O(2) 	3.675 	O(4)-C(11) 	3.602 
0(3)-C(1 1) 3.899 C(4)-N(1) 3.837 0(4)7N(1) 3.429 
0(3)-0(2) 	3.982 
Figure 6-24: Showing and giving the distances for 0(3), 0(4), C(3) and C(4) (not shown are the given 
distances for the C(3) and C(4). 
The hydrogen bonding found in 16 consist of two hydrogen bonds. The 
normal observed bond between the protonated N(2) and the deprotonated carboxylate 
of the succinate and one between the protonated and deprotonated carboxylates on 
the succinates, creating a infinite hydrogen bonded chain of succinates. 
Table 6-11: The hydrogen bonds found in 16. 
D-H...A d(D...A)<(DHA) . 
N(2)L.9('3L9#1 2.580(5) 	168.8 
O(2U) ... O(3U)#1 	2.595(7) 170 
Symmetry transformations used to generate equivalent atoms: 
#1 	x-112,-y+112,-z+l 
6.8 BRUC1NE HYDROGEN MALEATE 
6.8.1 Crystal Structure determination 
Crystals were obtained overnight from a supersaturated aqueous solution of 1 
and maleic acid prepared by heating. A well formed colourless block was picked 
from a batch of colourless blocks. The unit cell of the crystal was determined to be 
primitive monoclinic with a = 7.941(2)A, b = 13.838(3)A, c = 11.370(3)A and 13 = 
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111.275(16)° (V = 1164.3(4)A3) from 24 reflections with 40 :~ 20 :~ 44 and at T = 
220 (2)K. 
A total of 2298 reflections was collected with 1988 reflections F 0 > 6cr, 202 
reflections 2cr <F 0 < 6cr and 108 reflections F. <2cr (11cr = 23.75). The spacegroup 
was determined from the systematic absences to be P2 1 . The JE2 -1I = 0.764 value 
indicates a normal non-centrosymmetric structure. 
For the structure solution and refinement a total of 2214 independent 
reflections was used. The structure was solved by DIRDIF. The structure solution 
showed to contain a brucinium and a maleate per asymmetric unit of 17 (all the 
crystallographic data for 17 are given in Table 6-12). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters as being 1.2 or 1.5 times of the atom attached. The two methyl groups 
C(22) and C(23) of each brucine and the carboxyl group on the maleate were 
calculated to maximise the sum of electron density at the hydrogen positions. The 
brucinium and maleate showed no disorder. 
6.8.2 Molecular geometry and Crystal Packing 
6.8.2.1 Brucine 
The relatively flexible methoxy groups show no changes from the normal. 
The methoxy ring angles showing the in plane distortion have the usal range with the 
methyl groups bending away from the aromatic ring with angles; 
0(3)-C(3)-C(2) 	124.3(5) 	 0(4)-C(4)-C(5) 	125.8(5) 
0(3)-C(3)-C(4) 115.0(4) 0(4)-C(4)-C(3) 114.3(4) 
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Table 6-12:.X-ray Crystallographic data for 17 
Empiricalformula (C23H2 7N204) + (C4H304)-  
Formula weight 510.53 
Crystal system Monoclinic 
Space group P2 1 




v,A 3 1164.3(4) 
. 2 
D,Mg/m 3 1.456 
F000 540 
temp, k 220.0(2) 
radiation CuKa 
cryst. dim., mm 0.45 x 0.38 x 0.30 
scan type O)—O 
scan width 0.9 tanO 
Omax 69.97 
refi measured 2298 
indep. refl. 2214 
no. ofparams ref. /restraints 337/ 1 
refl,I>2o1 2026 
RI P  I>2a(I) 0.0686 
wR2, all data 0.1781 
Flack parameter -0.4(4) 
min and max el. dens., A 3 -0.506 and 0.548 
Weighting scheme - 	0.1419+0.2056 
extinction coefficient 0.0072(19) 
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The four corresponding torsion angles indicating the out of plane distortion show that 
the methoxy groups lie within the plane of the aromatic ring except the C(23)-0(4) 
methoxy group which comes out of the plane with an angle of -14.6(9); 
C(22)-0(3)-C(3)-C(2) 	-14.6(9) 
C(23)-0(4)-C(4)-C(5) -2.3(8) 
The three bond lengths around the protonated N(2) show the usual range around the 
protonated N(2) with bond lengths: 
23 
N(2)-C(15) 	 1.504(6) 
N(2)-C(10) 1.501(6) 	 3 




with the usual sequence of bond lengths N(2)-C(9) > N(2)-C(1O)N(2)-C(15). 
68.2.2 Molecular packing 
The structure of 17 has a substantially different brucinium packing compared 
to the other structures described here. The structure may be derived and coming from 
a distorted packing of ribbons parallel to b with alternate residues translated by half a 
unit cell along c. In the resulting packing the ribbons are shaded light and dark (see 
Figure 6-25). An alternative view might be to see a maleate and a brucinium forming 
a pair. A pair is linked together by the ionic non-bifurcating hydrogen bond between 
the protonated N(2) and the deprotonated carboxylate 0(2M). This pair is then 
packed in the most efficient way, resulting in columns. The structure is thus best 
described as having columns along a leaving channels to accommodate the maleate 
ions. The maleates also show an intermolecular hydrogen bond between the 
deprotonated and the protonated carboxylate. No reason for this alternative packing 
can be found in the hydrogen bonding. The packing must be regarded as a 
energetically favourable over the normal brucine ribbon packing. 
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I 	 I 
-W cr 
Figure 6-25: View along a showing 17 with the two hydrogen bonds between N(2)-H(2A) ... O(2M) 
(#1) of 2.671(6)A under an angle of 161.7° and O(4M)-H(4M) ... O(1M) of 2.471(7)A with an angle 
of 175.6° (#1: x-1,y.z). 
6.9 BRUCINE HYDROGEN FUMARATE SESQIJIFIYDRATE 
6.9.1 Crsta1 Structure determination 
Crystals were obtained overnight from a supersaturated aqueous solution of I 
and fumaric acid prepared by heating. A well formed colourless block was picked 
from a batch of colourless blocks. The unit cell of the crystal was determined to be C-
centered monoclinic with a = 14.3486(9)A, b = 12.2977(8)A, c = 15.1729(7)A and 
= 105.267(5 0 (V = 2582.8(9)A3 ) from 44 reflections with 40 :! ~ 2 :!~ 44 and at T = 
220 (2)K. 
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A total of 3377 reflections was collected with 2853 reflections F 0 > 6cr, 285 
reflections 2 < F 0 < 6a and 239 reflections F 0 < 2c (mean I/cy = 25.21). The 
spacegroup was uniquely determined to be C2. The jE 2-1I = 0.764 value indicates a 
normal non-centrosymmetric structure. 
For the solution and refinement 3373 independent reflections were used. The 
structure solved to contain a brucinium, a fumaric acid and 2 water positions per 
asymmetric unit of 18 (all the crystallographic data for 18 are given in Table 6-13). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters as being 1.2 or 1.5 times of the atom attached. The two methyl groups 
C(22) and C(23) of each brucine were calculated to maximise the sum of electron 
density at the hydrogen position. The hydrogens on the water molecules were either 
placed or electron density found to form hydrogen bonds to the nearest acceptors 
with the restriction of an appropriate angle and restrained in the positions most likely 
to hydrogen bond. The brucinium and fumarate showed no disorder. One of the two 
water positions is half occupied. The oxygen of the water refined to a site-occupation 
of 50% and was fixed to it. 
6.9.2 Molecular geometry and Crystal Packing 
6.9.2.1 Brucine 
The relatively flexible methoxy groups show no changes from the normal. 
The methoxy ring angles show the in plane distortion of the methyl groups, which 




Table 6-13: X-ray Crystallographic data for 18 
Empirical formula 	 (C23 H27N204 ) + (CH30 ) + 1.5 (H 20) 
Formula weight 	 546.56 
Crystal system 	 Monoclinic 
Space group 	 C2 
Unit cell dimensions 	 a = 14.3486(9)A 
b = 12.2977(8)A 
c15.1729(7)A 
= 105.267(5)° 
v,A 3 V = 2582.8(9) 
4 
D, Mg/ m 3 1.406 
F000 1160 
temp, K 220.0(2) 
radiation CuKci 
cryst.dim.,mnz 0.19x0.27x0.50 
p, nani 1 0.904 
scan type o)—O 
scan width 1.2 tan 0 
Omax 70.04 
refi measured 3377 
indep. refl. 2713 
no. of params ref. /restraints 356/ I 
'refl,I>2o1 2421 
R1 9 I>20T'I) 0.0418 
1VR2, all data 0.1145 
Flack parameter 0.1(3) 
min and max el. dens., A 3 -0.290 and 0.287 
Weighting scheme 0.0737+ 1.1026 
extinction coefficient 0.00087(14) 
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0(3)-C(3)-C(2) 	123.8(3) 	 0(4)-C(4)-C(5) 	124.6(3) 
0(3)-C(3)-C(4) 115.1(3) 0(4)-C(4)-C(3) 115.6(3) 
The four corresponding torsion angles indicating the out of plane distortion show 
that the methoxy groups lie within the plane of the aromatic ring with the exception 




The three bond lengths around the protonated N(2) show the usual range: 
23 
N(2)-C(15) 	 1.504(4) 
N(2)-C(1O) 1.507(4) 




with the usual sequence of bond lengths N(2)-C(9) > N(2)-C( I 0)N(2)-C( 15). 
:;!auuuiii 
4. MW 	 I. 
Figure 6-26: View along the a-axis showing the typical brucinium puckering along b here with anti-
parallel brucinium ribbons. 
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6.9.2.2 Molecular packing 
The crystal structure of 18 is dominated by the typical brucinium layering (see 
Figure 6-26). The layers are similar to what was seen in 11. The layers are built up 
out of 'out of phase' ribbons. The structure of 18 is built up by the 2-fold axis, the 
unit cell repeat and C-centering. This multiplet of symmetry operations creates the 
brucinium layer and a parallel orientation of the layers along b. 
a bxc b axc c bxa 
Li 	74.2 112.8 147.1 32.9 67.5 118.1 
P1 157.1 38.0 95 85 52.5 112.3 
Figure 6-27: Showing the unit cell directions or their normals and the line Li and the brucinium 
normal P1 (0.7884x 0 + 0.0863YO - 0.60904 ) describing the brucinium position in the unit cell of 18 
by means of the angles with cell edges and normals of cell faces. 
The orientation and positioning of the brucinium in the layer should look 
similar to what is seen before when a brucinium layer is built up out of 'out of phase' 
ribbons. As a basis for the observations the ab-plane is taken. The b cell dimension 
of 12.2977(8)A is a measure of the puckering, while the a cell dimension of 
14.3486(9)A is a measure of the thickness of two ribbons. The angle between the 
bruciniums, which is defined by the angle of Li with the b-axis, is 114.2° (see Figure 
6-27). By means of the vectors Li and P1 the typical brucinium layer is described 
with average puckering and distances for this type of packing. The normal of the 
brucinium P1 is giving the positioning of the brucinium in the ab-plane. The normal 
P1 shows the brucinium to have an tilt of 22.8° with the a-axis. This considerable tilt 
of the brucinium in the ribbon was also seen in 11 and is clearly more than seen in 
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brucinium ribbons which are parallel orientated. This is in contrast with the minimal 
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I 
0(3)-C(l 0) 	3.383 	C(3)-0(2) 	3.559 	 0(4)-C(1 1) 	3.385 
0(3)-C(1 1) 3.708 C(4)-N(1) 3.543 0(4)-N(1) 3.202 
0(3)-0(2) 	3.707 
Figure 6-28: Showing and giving the distances for 0(3), 0(4), C(3) and C(4) (not shown are the given 
distances for the C(3) and C(4). 
The structure of 18 is a sesquihydrate. An asymmetric unit contains either a 
hydrogen bonded pair 01 W and 02W or 01W' alone occupying a dimple with 50% 
probability. Hydrogen fumarate ions form hydrogen bonded chains along a screw-
axis between the brucine layers. The N2 of the brucinium forms a bifurcated 
hydrogen bond to the carboxylic group (0 IF and 02F) of the fumaric acid (see Table 
6-14). The 01 of a brucinium ion in the neighbouring layer is connected indirectly to 
the fumarate by means of either 01 W or 01 W' which forms hydrogen bonds to both 
01 and 01F. 
Table 6-14: The hydrogen bonding network found in 18. 
D-H...A d(D ... A) <(DHA) 
... O(JF)#1 2.699(4) 162.5 1 N(2) N(2) ... O(2F)#] 3.086(4) 130 0(3F) ... 0(2F)#2 2.583(4) 168.5 
O(1W9 ... O(I)#3 2.937(10) 168.9 
I0(IW7 ... 0(I) 2.839(10) 165.2 
D-H...A d(D...A) <(DHA) 
O(IW) ... O(1)#3 2.980(11) 179.2 
0(1 W) ... 0(I F) 2.949(12) 179' 
0(2W)...0(2W)#4 2.996(18) 129.1 
0(2W) ... 0(I PV) #5 2.702(14) 168.8 
0(2W) ... 0(1W)#5 3.298(14) 172.7 
Symmetry transformations used to generate equivalent atoms: 
#1:x-1/2,y-1/2,z 	#2:-x+1/2,y-1/2,-z 	#3: 1-x,y, l-z 
#4: -x,y,-z 	 #5: x-1/2,y+1/2,z 
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6. 10 BRUCINE GLUTAMATE TETRAHYDRATE 
Crystals were obtained overnight from a supersaturated ethanol solution of 1 
and oxamic. A colourless tablet was picked from a batch of colourless tablets. The 
unit cell of the crystal was determined to be C-centered monoclinic with a = 
32.169(6)A, b = 7.7318(19)A, c = 10.800(2)A and $3 = 106.319(18) 0 (V = 
2579.3(9)A 3 ) from 58 reflections with 40 :~ 20 :~ 44 and at T = 220 (2)K. 
A total of 3114 reflections was collected with 2192 reflections F 0 > 6a, 529 
reflections 2a < F0 < 6cy and 422 reflections F 0 <2s (I/a = 17.06). The spacegroup 
was uniquely determined to be C2. The 1E 2-1l = 0.764 value indicates a normal non-
centro symmetric structure. 
For the solution and refinement a total 2814 independent reflections was 
used. The structure solved to contain a brucinium, half a glutaric acid, and four 
waters per asymmetric unit of 19 (all the crystallographic data for 19 are given in 
Table 6-15). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters as being 1.2 or 1.5 times of the atom attached. The two methyl groups 
C(22) and C(23) of each brucine were calculated to maximise the sum of electron 
density at the hydrogen positions. The hydrogens on the water molecules were either 
placed or electron density found to form hydrogen bonds to the nearest acceptors 
with the restriction of an appropriate angle and restrained in the positions most likely 
to hydrogen bond. All molecules were well behaved, fully occupied and not 
disordered. 
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Table 6-15: X-ray Crystallographic data for 19 
Empiricalforinula (C23H27N204 ) + 0.5 (C 5 14 504  ) + 4(H20) 
Formula weight 532.58 
Crystal system Monoclinic 
Space group C2 
Unit cell dimensions a = 32.169(6)A 









temp, K 220.0(2) 
radiation CuKa 
cryst. dim., nun 0.47 x 0.27 x 0.12 
p, 
 
min 1 0.884 
scan type w—O 
scan width 1.32 + 0.15 tan 0 
Omax 70.15 
refi measured 3114 
indep. refl. 2814 
no. of params ref. /restraints 342/1 
refl,I>2o1 2196 
RI, I> 2o(I) 0.0465 
wR2, all data 0.1188 
Flack parameter 0.1(4) 
min and max el. dens., A 3 -0.187 and 0.241 
Weighting scheme 0.0679 
extinction coefficient 0.00136(19) 
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6.10.1 Molecular geometry and Crystal Packing 
6.10.1.1 Brucine 
The relatively flexible methoxy groups show no changes from the normal. 
The methoxy ring angles show the in plane distortion of the methyl groups, which 
bent away from the ring with angles; 
0(3)-C(3)-C(2) 	123.5(3) 	 0(4)-C(4)-C(5) 	123.4(3) 
0(3)-C(3)-C(4) 116.0(3) 0(4)-C(4)-C(3) 115.6(3) 
The two corresponding torsion angles, indicating the out of plane distortion, show the 




The three bond lengths around the protonated N(2) show the normal range around the 
protonated N(2) with bond lengths: 
23 
N(2)-C(15) 	 1.490(5) 	 4 
N(2)-C(10) 1.515(6) 
N(2)-C(9) 	 1.524(5) 	 3 
22 
Ig 
with the usual sequence of bond lengths N(2)-C(9) > N(2)-C(10)N(2)-C(l5). 
610.1.2 Molecular packing 
The molecular packing of 19 is dominated by brucinium layering, but an 
unfamiliar type (see Figure 6-29). The layer along c is dominated by the head to head 
arrangement of the bruciniums. These head to head arrangement of bruciniums form 
pillars along b. These brucinium pillars form layers by side to side interactions of the 
bruciniums, thus creating a zigzag motif. Seemingly one of the hydrogen bond 
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Figure 6-29: View along the b-axis showing the head to head brucinium layering with in between the 
hydrate glutarate layer of 19. 
In the hydrogen bonding network the seemingly unavailable 0(1) is hydrogen 
bonded to the 0(3W). The 0(3W) is occupying the space left by the stacked pairs of 
brucinium in a pillar. From this position the water is hydrogen bonding to the 0(1). 
The obligatory cation anion bond, between the carboxylate on the glutarate and the 
N(2) on the brucinium, is bifurcating. No other direct hydrogen bonding is possible 
and thus all the other hydrogen bonds are attaching the glutarate via water to the 
brucinium. 
Table 6-16: The hydrogen bonding network observed in 19. 
D-H...A 	- d(D...A) <(DHA) 
N(2) ... 0(2G)#2 2.622(5) 165.2 
N2,L0(1G)#2 3.243(5) 133.8 
O(1f) ... O(1G. 2.804(5) 171.1 
0(1J3)..0(2)#5 2.835(5) 120.0 
2.998(5) 177.6 
ED-H... A  d(D...A) <(DHA) 
O(29 ... O(lG) 2.790(6) 156.0 
,O(3W) ... O(J) 2.861(4) 172.9 
O(3W ... O(IW 2.874(6) 153.3 
O(4J3') ... O(2G) 2.750(6) 163.4 
j0(232#4 2.998(5) 154.9 
Symmetry transformations used to generate equivalent atoms: 
#1: -x,y,-z 	 #2: -x+1/2,y-112,-z+1 	 #3: x,y+1,z 
#4: x,y-1,z #5: -x+1/2, y+1/2, -z 
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6.11 BRUCINE HYDROGEN ADIPATE 
Crystals were obtained overnight from a supersaturated DMF solution of 1 
and adipicic acid by heating. A colourless plate was picked from a batch of colourless 
plates. The unit cell of the crystal was determined to be primitive orthorhombic with 
a = 7.6744(9)A, b = 14.2719(19)A, and c = 28.069(4)A (V = 3074.3(1 l)A 3) from 48 
reflections with 40 :~ 20 :~ 44 and at T = 220 (2)K. 
A total of 3597 reflections was collected with 2250 reflections F 0 > 6a, 707 
reflections 2a <F 0 < 6c and 640 reflections F 0 <2cy (I/a = 13.86). The spacegroup 
was determined from the systematic absences to be P2 1 2 1 2 1 . The JE2-1I = 0.738 value 
indicates a normal non-centrosymmetric structure. 
For the solution and the refinement a total of 3570 independent reflections 
was used. The structure solved to contain a brucinium, a adipate and a DMF per 
asymmetric unit of 20 (all the crystallographic data for 20 are given in Table 6-17). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters as being 1.2 or 1.5 times of the atom attached. The two methyl groups 
C(22) and C(23) of each brucine were calculated to maximise the sum of electron 
density at the hydrogen positions. All three molecules are well behaved and no 
disorder is observed. 
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Table 6-17: X-ray Crystallographic data for 20 




+ (C 3 H6NO) 
Formula weight 613.69 
Crystal system Orthorhombic 
Space group P212 1 2 1 
Unit cell dimensions a = 7.6744(9)A 
b = 14.2719(1 9)A 
c = 28.069(4)A 
v,A 3 V=3074.3(11) 
Z 4 
D, Mg/ m 3 1.326 
F000 1312 
temp, K 220.0(2) 
radiation CuKa 
cryst. dim., mm 0.47 x 0.27 x 0.08 
P, mni' 0.801 
scan type (0-0 
scan width 1.2 + 35 tanO 
Omax 70.13 
refi measured 3597 
indep. refl. 3570 
no. of params ref. /restraints 403/0 
refl,I>2cI 2572 
RI, I> 2o(I) 0.0508 
wR2, all data 0.1327 
Flack parameter 0.2(4) 
min and max el. dens., A 3 -0.303 and 0.297 
Weighting scheme 0.0641 + 1.0383 
extinction coefficient 0.00101(16) 
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6.11.1 Molecular geometry and Crystal Packing 
6.11.1.1 Brucine 
The relatively flexible methoxy groups show no changes from the normal. 
The methoxy ring angles show the in plane distortion with the methyl groups bending 
away from the ring with angles; 
0(3)-C(3)-C(2) 	123.9(4) 	 0(4)-C(4)-C(5) 	125.2(4) 
0(3)-C(3)-C(4) 115.1(4) 0(4)-C(4)-C(3) 115.4(4) 
The two corresponding torsion angles indicating the out of plane distortion show the 
methoxy groups to lie within the plane of the aromatic ring except the C(23)-0(4) 
methoxy group which under 13(3) angles comes out of the plane; 
C(22)-0(3)-C(3)-C(2) 	3.3(8) 
C(23)-0(4)-C(4)-C(5) -0.2(10) 
The three bond lengths around the protonated N(2) show the usual range: 
23 
N(2)-C(15) 	 1.512(5) 
N(2)-C( 10) 1.508(6) 
N(2)-C(9) 	 1.525(5) 
22 
In 
with the usual sequence of bond lengths N(2)-C(9) > N(2)-C(l0)N(2)-C(l5). 
6.11.1.2 Molecular packing 
The brucinium packing seen in 20 is a variant on the packing seen in 13b. 
Here the side to side brucinium interaction is more spaced out and a wider pillar of 
bruciniums is created along a. While in 13b the brucinium pillars were arranged in 
squares, here in between three brucinium pillars a channel is created, which is 
occupied by the adipate and DMF (see Figure 6-30). 
'Ii',] 
Figure 6-30: View along a showing the channels created by the brucinium pillars occupied by the 
adipates. 
The hydrogen bonding network shows a bifurcating hydrogen bond between 
the adipate carboxyl and the protonated N(2). The adipates form a chain connected 
by the hydrogen bond between the protonated and the unprotonated carboxylate on 
the adipate. The DMF is not involved in any hydrogen bonds and as such only fills 
the space left. 
Table 6-18: The hydrogen bonding network observed in 20 
<DHA, 
N(2) ... O(3D)#1 2.646(4) 	176.0 
N(2).- 0(2D)#] 3.281(5) 126.9 	- 
O(IDI... 0(2D)#2 2.567(5) 	165.2 
Symmetry transformations used to generate equivalent atoms: 
#1: -x,y+1/2,-z+1/2 	 #2: x+1,y,Z 
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6.12 BRUCINE PIMELATE HYDRATE 
Crystals were obtained overnight from a supersaturated solution of 1 and 
pimelic acid in THF under heating. A block was picked from a batch of colourless 
blocks. The unit cell of the crystal was determined to be primitive monoclinic with a 
= 12.261(3)A, b = 28.200(8)A, c = 15.641(6)A and P = 96.00(4)° (V = 5378(3)A 3 ) 
from 36 reflections with 40 :~ 20 !~ 44 and at T = 220 (2)K. 
A total of 9874 reflections was collected with 4505 reflections F 0 > 6, 2743 
reflections 2a <F 0 < 6cr and 2635 reflections F 0 <2a (1/a = 7.11). The spacegroup 
was determined from the systematic absences to be P2 1 . The 1E2-1I = 0.779 value 
indicates a normal non-centrosymmetric structure. 
For the solution and refinement a total of 9819 independent reflections was 
used. The structure solved to contain four bruciniums, three pimelates, and eight 
water positions per asymmetric unit of 21 (all the crystallographic data for 21 are 
given in Table 6-19). 
All non-hydrogens are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters 1.2 or 1.5 times of the atom attached. The two methyl groups C(22) and 
C(23) of each brucine were calculated to maximise the sum of electron density at the 
hydrogen positions. 
The bruciniums and pimelates showed no disorder. The anisotropic 
displacement parameters of the three pimelates are restrained in the direction of the 
bond to be equal with an effective standard deviation of 0.02 (SHELXL97 DELU 
command with e.s.d.'s of 0.02 and 0.04). The site-occupancies of four waters refined 
to have half a site-occupation and were fixed to it. The oxygens of the water 
molecules were restrained to have similar anisotropic displacement parameters 
(SHELXL SIMU command with e.s.d.'s of 0.02 and 0.05). 
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Table 6-19: X-ray Crystallographic data for 21 
Empirical formula 	- 4(C23H27N204) +  + 2(C 7H 1  104)_ + (C 7H 1004)2 
+ 6(H20) 
Formula weight 2166.43 
Crystal system Monoclinic 
Space group P2 1 
Unit cell dimensions a = 12.261(3)A 
b = 28.200(8)A 
c15.641(6)A 
= 96.00(4) 0  
v,A 3 V = 5378(3) 
2 
D, Mg/ m 3 1.338 
F000 2316 
temp, K 220.0(2) 
radiation CuKa 
cryst. dim., mm 0.39 x 0.31 x 0.16 
Ia, mm  
scan type 
scan width 1.20 + 0.15 tan 0 
Omax 70.21 
refi measured 9874 
indep. refl. 9819 
no. of params ref. /restraints 1426/220 
refl,I>2o1 5625 
RI, I> 2a(I) 0.0757 
vR2, all data 0.2173 
Flack parameter 0.3(4) 
min and max el. dens., A 3 -0.403 and 0.484 
Weighting scheme 0.1153 
extinction coefficient 0.00056(11) 
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6.12.1 Molecular geometry and Crystal Packing 
6.12.1.1 Brucine 
The four bruciniums are isostructural. The relatively flexible methoxy groups 
show no changes from the normal. The methoxy ring angles show the in plane 
distortions of the methyl groups by bending away from the aromatic ring with angles; 
0(3)-C(3)-C(2) 124.1(8) 0(4)-C(4)-C(5) 124.1(8) 
0(3)-C(3)-C(4) 114.2(7) 0(4)-C(4)-C(3) 116.5(8) 
0(3')-C(3')-C(2') 122.1(3) 0(4')-C(4')-C(5') 123.6(8) 
0(3')-C(3')-C(4') 115.2(7) 0(4')-C(4')-C(3') 116.5(8) 
0(3")-C(3")-C(2") 125.4(8) 0(4")-C(4")-C(5") 124.7(9) 
0(3")-C(3")-C(4") 114.2(8) 0(4")-C(4")-C(3") 115.6(8) 
0(3z)-C(3z)-C(2z) 125.5(9) 0(4z)-C(4z)-C(5z) 124.4(8) 
0(3z)-C(3z)-C(4z) 113.7(8) 0(4z)-C(4z)-C(3z) 115.9(8) 
The corresponding torsion angles, indicating the out plane distortion, show the 









The sets of three bond lengths around the protonated N(2) show the usual range 










N(2z)-C( 1 5z) 















with the usual sequence of bond 
lengths N(2)-C(9) > N(2)-C(1O)N(2)-
C(15). 
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612.1.2 Molecular packing 
The main feature of the structure of 21 is created by the four bruciniums in a 
layer which with the screw-axis build up the typical anti-parallel brucinium layering 
(see Figure 6-31). Each second brucinium layer has the same polarity while the layer 
in between has, since created by the screw-axis, an opposite polarity. The degree of 
puckering given by a of 12.261(3)A indicates a normal layer. The angles of the four 
bruciniums with the a-axis are in the range of 32.5-34.6° supporting the degree of 
puckering indicated by this cell dimension. The c cell dimension of 15.641(6)A, here 
2 brucinium layers thick, divided by two gives a layer thickness of 7.821(6)A. The 
cell dimensions all reflect a normal brucinium layering. 
Figure 6-31: View along the c-axis showing the typical brucinium puckering along a with anti-parallel 
out of phase brucinium layers with in-between the pimelate water layer. 
As basis for the observations of the brucinium orientation the ab-plane is 
taken. This is induced by the angle P of 96.00(4)°. The orientation of the four 
bruciniums in the unit cell is divided in two pairs (see Figure 6-32). Each pair 
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consists of two bruciniums, with the same orientation, positioned above each other in 
the asymmetric unit. Both pairs have the same intrinsic orientation. The heads of all 
four bruciniums are lifted while they are slightly tilted to the 0(1) side. The 
environment of the brucinium heads is given in Table 6-20. They also show no 
change from the normal orientation of a brucinium in a layer. 
FILI 
a bxc b axe c bxa 
145.6 35.2 55.7 124.3 83.1 92 
P1 94.7 79.3 93.4 86.6 168.7 5.9 
Li' 32.5 147.3 122.4 57.6 93.7 91.4 
P1' 89.4 88.6 85.4 94.6 175.2 6.5 
Li" 34.6 144.9 124.6 55.4 95.2 98.8 
P1" 83.0 91.1 79.4 100.6 169.3 12.8 
Liz 147.2 33.8 57.3 122.7 82.5 92.4 
Piz 94.3 79.7 92.2 87.8 169.5 4.8 
Figure 6-32: Describing the brucinium positions in the unit cell of 21 by means of the angles with cell 
edges and normals of the lines LI, Li', Li" and Liz and the brucinium normals P1 (0.1862x 0 + 
0.0599y0), P1' (-0.0246x0 - 0.0808y0), P1" (-0.0200x. - 0.1847y0 ) and Plz( 0.1787 x0 + 0 . 0383 Yo). 
Table 6-20: Giving the distances for 0(3), 0(4), C(3) and C(4). 
r2(3)_C(10') 3.514 C(3)-C(1 3") 4.631 0(4)-C(1 1') 3.515 
0(3)-C(1 1') 3.842 C(3)-0(2') 3.559 0(4)-C(13") 3.921 
0(3)-C(13") 3.683 C(4)-N(l') 3.578 0(4)-C(14") 3.364 
0(3)-0(2') 3.677 C(4)-C(14") 4.169 0(4)-N(1') 3.255 
0(3')-C(lO) 3.628 C(3')-C(13z) 3.853 0(4')-C(l 1) 3.574 
0(3')-C(I 1) 3.798 C(3')-0(2) 3.460 0(4')-C(13z) 3.429 
0(3')-C(13z) 3.375 C(4')-N(l) 3.523 0(4')-C(14z) 3.444 
0(3')-0(2) 3.539 C(4')-C(14z) 3.777 0(4')-N(l) 3.211 
I 0(3")-C(lOz) 3.613 C(3")-C(13) 3.900 0(4")-C(l lz) 3.531 
0(3")-C(l lz) 3.954 C(3")-0(2z) 3.470 0(4")-C(13) 4.039 
0(3")-C(13) 3.259 C(4")-N(lz) 3.768 0(4")-C(14) 3.597 
0(3")-0(2z) 3.401 C(4")-C(14) 3.727 0(4")-N(lz) 3.342 
0(3z)-C(1O") 3.662 C(3z)-C(13') 4.097 0(4z)-C(1 1") 3.579 
0(3z)-C(1 1") 3.764 C(3z)-0(2") 3.437 0(4z)-C(1 3') 3.393 
0(3z)-C(13') 3.483 C(4z)-N(l") 3.420 0(4z)-C(14') 3.388 
0(3z)-0(2") 3.710 C(4z)-C(14') 3.928 ") 0(4z)-N(1 3.206 	I 
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The hydrogen bonding network of 21 shows the ionic hydrogen bonds 
between the protonated N(2) on the four bruciniums and the carboxylates (see Table 
6-21). The totally deprotonated pimelate connects two brucinium layers by hydrogen 
bonding. The three pimelates are connected by 0(3W) and 0(2W). The major part of 
hydrogen bonding by water involves the interconnecting of the brucinium layer by 
the 0(1) to the pimelates. 
Table 6-21: The hydrogen bonding network observed in 21. 
D-H. ..A d'D ... A) <(DHA) 
N(2) ... O(4P")#1 2.586(10) 167.6 
N('2'.) ... O(2P')#2 2.667(11) 157.3 
N(29 ... O(JP")#2 3.292(14) 138.7 
N(2")  ... O(4P)#2 2.635(12) 161.8 
N(2")  ... O(3P)#2 3.079(13) 126.9 
N('2Z) ... O(2P9#3 2.686(10) 155.2 
N(2Z)L.O(1P9#3 3.250(12) 138.4 
O(2P) ... O(2 2.567(11) 162.8 
0(4P90(3J') 2.540(12) 165.0 
O(Ii4') ... O(2P') 2.751(12) 178.4 
O(JW) ... O(1") 3.024(12) 178.5 
IO(2W ... O(2P"#4 2.663(13) 178.9 
D-H...A d(D ... A) <(DHA) 
O(2W) ...  O(3P)#8 2.680(13) 179.2 
0(3W)...0 (3P") 2.682(13) 178.7 
0(3W...O(1P9#5 2.718(14) 178.9 
O(4W) ...  O(I")#S 2.953(12) 117.3 
0(4JJ...0(3P") 2.795(14) 179.1 
O(5W) ...  O(1Z)#5 3.015(18) 179.2 
0(5W) ... O(1P") 2.66(2) 162.1 
O(6W) ...  O(1) 2.799(18) 144.8 
O(7W) ...  O(4P)#6 3.14(3) 172.2 
0(7...0(1Z)#7 2.91(2) 178.5 
O(8W) ...  O(1W)#3 3.09(2) 158.7 
O('8W) ...  O(12#3 2.87(2) 15 8 . 3 i 
Symmetry transformations used to generate equivalent atoms: 
#1: -x+l ,y-1/2,-z+1 	#2: -x+2,y+1/2,-z+1 	#3: -x,y-l/2,-z+1 
#4: x-1,y,z-1 	 #5: x+1,y,z 	 #6: -x+1,y+1/2,-z±1 
#7: -x,y+112,-z+1 	 #8: x-1, y, z 
6.13 BRUCINE SUBERATE HYDRATE 
Crystals were obtained overnight from a supersaturated solution of 1 and 
suberic acid in ethanol prepared by heating. A lump was picked from a batch of 
colourless lumps. The unit cell of the crystal was determined to be primitive 
monoclinic with a = 7.6744(18)A, b = 12.299(5)A, and c = 35.206(5)A (V = 
3323.O(l1)A3 ) from 48 reflections with 40 :~ 20 :~ 44 and at T = 220 (2)K. 
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A total of 3377 reflections was collected with 1266 reflections F 0 > 6. 941 
reflections 2o <F0 < 6(y and 1170 reflections F 0 < 2a (L'o = 6.10). The spacegroup 
was determined from the systematic absences to be P2 1 . The 1E2-lI = 0.808 value 
indicates a normal non-centrosymmetric structure. 
For the solution and refinement a total of 2654 independent reflections was 
used. The structure solved to contain one brucinium, one suberic acid and 5 waters 
per asymmetric unit of 22 (all the crystallographic data for 22 are given in Table 6-
19). 
All non-hydrogen atoms are refined with anisotropic atomic displacement 
parameters. All hydrogens were placed in idealised positions and allowed to ride on 
the non hydrogen atoms to which they are attached with the isotropic thermal 
parameters 1.2 or 1.5 times of the atom attached. The two methyl groups C(22) and 
C(23) of each brucine were calculated to maximise the sum of electron density at the 
hydrogen positions. 
The bruciniums showed no disorder. The suberate was twofold disordered. 
The site-occupancies refined to a site-occupation of 0.5 and were fixed to this value. 
The suberates are positioned such that between them and the brucinium puckering 
and a channel is created which is filled with heavily disordered water. All isotropic 
parameters with the exception of the bruciniums are restrained (SIMU command with 
e.s.d.'s of 0.02 and 0.02) 
6.13.1 Molecular geometry and Crystal Packing 
6.13.1.1 Brucine 
The relatively flexible methoxy groups show no changes from the normal. 
The methyl groups show the in plane distortion by bending away from the ring with 
angles; 
0(3)-C(3)-C(2) 	124.3(11) 	 0(4)-C(4)-C(5) 	123.6(11) 
0(3)-C(3)-C(4) 115.5(8) 0(4)-C(4)-C(3) 115.8(10) 
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Table 6-22: X-ray Crystallographic data for 22 
Enzpiricalformula (C23H27N20 4) + (C 8H 1304 ) + 5.5(H20) 
Formula weight 524.18 
Crystal system Orthorhombic 
Space group P2 1 2 1 2 1 
Unit cell dimensions a = 7.6744(18)A 




D,Mg/m 3 1.257 
F000 1352 
temp, K 220.0(2) 
radiation CuKa 
cryst. dim., mm 0.39 x 0.25 x 0.08 





no. of params ref. /restraints 
refl,I>2o1 
RI, I>2c(I) 
wR2, all data 
Flack parameter 
I min and max el. dens., A3 
Weighting scheme 
extinction coefficient 









-0.294 and 0.252 
0.0764 + 7.2075 
0.0009(2) 
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The four corresponding torsion angles indicate that the methoxy groups lie within the 
plane of the aromatic ring; 
C(22)-0(3)-C(3)-C(2) 	0.3(12) 
C(23 )-O(4)-C(4)-C(5) 3.7(16) 
The three bond lengths around the protonated N(2) show a normal spread: 
23 
N(2)-C(15) 	 1.510(16) 
N(2)-C(10) 1.521(16) 
N(2)-C(9) 	 1.536(15) 	 3 
22 
with the usual sequence of bond lengths N(2)-C(9)> N(2)-C(l0)N(2)-C(15). 
6.13.1.2 Molecular packing 
The packing by the bruciniums in 22 show, what is expected of an 
orthorhombic unit cell with a = 7.6744(18)A and b = 12.299(5)A; anti-parallel 
brucinium layers (see Figure 6-34). The unit cell dimensions also indicate a normally 
puckered layer. This is supported by the angles of Li and P1 with the unit cell. The 
brucinium has the head lifted while leaning over to the 0(1) side (see Figure 6-33). 
a bxc b axc c bxa 
LI 	83.2 96.8 34.5 145.5 123.6 56.4 
P1 171.5 8.5 81.5 98.5 89.4 90.6 
Figure 6-33: Showing the unit cell directions with their normals and the lines Li and the brucinium 
normals P1 a ( -0.1481  Yo - 0.00974 ) describing the brucinium position in the unit cell of 12 by 




Table 6-23: Giving the distances for 0(3), 0(4), C(3) and C(4). 
0(3)-C(l0) 3.866 C(3)-C(13) 4.330 0(4)-C(11) 3.778 
0(3)-C(11) 4.062 C(3)-0(2) 3.346 0(4)-C(13) 4.110 
O(3)-C(13) 3.413 C(4)-N(1) 3.677 0(4)-C(14) 3.538 
0(3)-0(2) 3.419 C(4)-C(14) 4.049 0(4)-N(1) 3.386 
The environment of the brucinium head as given in Table 6-23 shows a 
normal range. The hydrogen bonding gives the normal ionic bond, while the water 
molecules are not involved in connecting the suberates to the brucinium layer. 
Figure 6-34: View along the a-axis showing the typical brucinium puckering along b, here with anti-
parallel brucinium layers. 
Table 6-24: The hydrogen bonding observed in 22. 
d(D. ..A) 	<'DHA) 
	
N(2) ... O(4S',)#1 	2.42(2) 173.1 
Il.C'UkAI 	 13 A1OI1\ 	 14 12 1 




The thirteen structures described in this chapter may be divided into three 
series, which will be discussed separately. The emphasis will lie on the effect caused 
by the difference in anion on the brucinium packing. 
6.14.1 Oxalate Series 
The oxalate series consists of the crystallisations of I with oxalic, oxamic. 
lactic and pyruvic acid (see Figure 6-35). Each of the four molecules has a acid 
function. The difference between oxalic acid and oxamic acid is the substitution of 
the hydroxyl by an amine creating an amide. In pyruvic acid the hydroxyl in oxalic 
acid is replaced by a methyl group. In lactic acid a keton group in the oxalic is 
replaced by a methyl group. 
O 	0 	0 0 	0 	0 	OH 
>-<  
HO 	OH 	HO 	NH2 	HO >-< OH3 	HO >
-
<OH3 
(a) 	 (b) 	 (c) 	 (d) 
Figure 6-35: (a) oxalic acid, (b) oxamic acid, (c) pyruvic acid and (d) lactic acid. 
The unit cell dimensions of the five crystal structures are given in Table 6-25. 
Four of the five structures consist of brucine ribbons indicated by the 12A unit cell 
dimension. Two of the four structures have out of phase ribbons forming a layer. The 
other two structures consists out parallel ribbons forming a layer. 
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Table 6-25: The unit cell dimensions found for the oxalate series and ribbon and layer description. 
11 12 13a 131b 14 
a 14.461(3)A 7.673(2) 9.326(22) 8.707(2) 7.5823(14) 
b 12.233(2)A 12.065(6) 9.637(24) 15.038(3) 12.297(3) 
27.200(5)A 27.301(7) 15.18(4) 18.096(4) 27.863(5) 
a,/3,y 91.22(' )) a, 3,y 
ribbons out of phase in phase out of phase non-ribbon in phase 
layer anti-parallel anti-paralle parallel non-ribbon anti-parallel 
The two structures containing the 7 x 12A unit cell; the oxamate and the 
pyruvate have similar unit cells. Both consist of a planar anion and differ only from 
the oxalate by having a hydrogen donating instead of an accepting group. This and 
the unit cell contents with the hydrogen bonding network give a similar molecular 
packing. In both 12 and 14 the accepting group bonds to the brucinium via a water. 
The donating group on the oxamate is thus not involved in any significant hydrogen 
bonding. In 11 the oxalate bonds twice to brucinium layer accepting hydrogen 
bonding from the protonated N(2). This difference between, 11 and, 12 and 14 is 
clearly induced by the hydrogen bonding possibilities. It is interesting to note that the 
brucinium ribbons remain present. The structure of 131b is therefore remarkable in not 
showing brucinium ribbons. No obvious reason for this structure formation can be 
found. The existence of 13a makes this even more remarkable. 
6.14.2 Succinate Series 
The succinate series consists of the crystallisations of 1 with succinic, maleic 
and furnaric acid (see Figure 6-36). Each of the three molecules has two acid 
functions. The difference between the succinic acid and, the maleic and fumaric acid, 
is the double bond between carbons 2 and 3 creating planar molecules. Maleic acid 
has a cis orientation of the carboxylates, while fumaric acid shows a trans orientation 


















Figure 6-36: (a) succinic acid, (b) maleic acid, and (c) fumaric acid. 
The unit cell dimensions reveal three different structures two consisting out of 
brucinium ribbons (16 and 18) and 17 with an alternative brucinium packing. Both 
16 and 18 consist of brucinium layers but each having a different packing. The 
structure of 16 consist out of separate ribbons forming channels in between. The 
structure of 18 also consist out of ribbons, but forms a layer out of out of phase 
ribbons (see 11). 
Table 6-26: The unit cell dimensions found for the succinate series. 
16 	17 	18 	- 
a 13.6127(21) 7.941(2) 14.3486(9) 
b 12.4296(19) 13.838(3) 12.2977(8) 
C 14.3337(22) 11.370(3) 15.1729(7) 
/3 111.275(16) 105.267(5) 
ribbon yes no out of phase 
layer no no parallel 
The difference between 16 and 18 is the orientation of the dicarboxylates. In 
18, the fumaric acid is planar but in 16 the succinate carboxylates are orientated 
perpendicular to each other. Both structures show similar hydrogen bonds between 
the protonated N(2) and the carboxylate and the intermolecular bond between the 
acids. The acids form ribbons (see Figure 6-37). It is also noteworthy that in 18 the 
carboxylate is bifurcating while in 16 the carboxylate is not. However the fumarate is 
hydrogen bonded by a water to the 0(1) on the brucinium. This hydrogen bond might 
have instigated the brucinium layer formation. The alternative brucinium packing in 
17 can only be explained by the conformation of the hydrogen maleate and the 
subsequent intramolecular hydrogen bond. The intramolecular hydrogen bond 
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inhibits chain formation. This might be seen as the driving force behind the packing 
observed in 17. 
(a) 	 (b) 
Figure 6-37: Showing in (a) the hydrogen fumarate ribbon in 18 and (a) the hydrogen succmate ribbon 
in 16. 
614.3 Dicarboxylic Acid Series 
a 	a 	The difference between the anions crystallised 
X ,,#< with brucinium is the increasing chain length of 
1-10 Cn OH 	carbohydrate backbone (see Figure 6-38). Of all eight 
Figure 6-38: The oxalate 	structures only the oxalate, the glutarate and one the three 
series with 0:~ n!!~ 6. 
pimelates is fully deprotonated. 
Of the seven structures, five are shown to contain brucinium ribbons 
indicated by the 12A cell dimension (see Table 6-27). Of the five structures showing 
brucinium ribbons, three have layers build up out of parallel ribbons (15, 21 and 22), 
one has a layer built up by out of phase ribbons (11) and one consists of ribbons 
creating channels between themselves (15). 
Table 6-27: The unit cells of the dicarboxylic acid series. 
11 15 16 	19 20 21 22 
a 14.461(3) 7.896(6) 13.6127(21) 7.6744(9) 32.169(6) 15.641(6) 7.6744(18) 
b 12.233(2) 12.607(12) 12.4296(19) 	14.2719(19) 7.7318(19) 12.261(3) 12.299(5) 
C 27200(5) 28.680(19) 14.3337(22) 28.069(4) 10.800(2) 28.200(8) 35,206(5) 
p 90.68 106.319(18) 96.00(4) 
ribbon out of phase in phase yes 	no no in phase in phase 
layer anti-parallel anti-parallel no no no anti -parallel anti-parallel 
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The reoccurring phenomenon in all structures is the cation-anion interaction 
performed by the hydrogen bond between the N(2) and the deprotonated carboxylate 
on the acid. This hydrogen bond directs the orientation of the acid in the structure. In 
the structures thus created no obvious trends induced by the increasing chain length 
can be distinguished. 
6.14.4 Brucine Dicarboxylic Acid Packing Trends 
Of the thirteen structures 9 structures contain brucinium ribbons. One the 
lactate structures, the maleate, the glutarate and the adipate crystal structures show 
alternative brucinium motifs. Before this chapter all crystal structures except the 
brucine dihydrate have shown brucinium ribbons. This obvious percentage decrease 
in observed brucinium ribbon can not easily be explained. The most striking 
difference especially between the dicarboxylic acids and the salts in previous 
chapters is the decreasing hydrogen bonding potency. This is supported by the 
oxalate series which by changing the functional groups shows definite structural 
changes. Further structural investigations should be performed with compounds 
showing slight alterations in functional groups. The succinate series showed that the 
orientation of the carboxylic groups of the acid are responsible for major structural 
differences. 
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Table 6-28: Bond angles [0]  for the bruciniums in 11, 12, 13b, 14, 15 and 16 
11 12 12' 13b 14 15 15' 16 
C(21)-N(1)-C(1) 126.3(6) 129.7(16) 123.2(16) 124.5(4) 124.9(4) 121.8(13) 125.3(13) 125.7(4) 
C(2l)-N(I)-C(8) 119.5(6) 118.5(16) 120.7(16) 118.4(4) 120.0(3) 121.6(13) 119.6(13) 118.9(4) 
C(l)-N(1)-C(8) 108.7(5) 105.9(15) 109.6(16) 109.3(3) 109.0(3) 110.7(12) 109.9(11) 109.3(3) 
C(10)-N(2)-C(15) 113.3(6) 108.3(14) 113.0(16) 112.9(4) 112.9(4) 114.3(14) 114.2(17) 112.0(4) 
C(15)-N(2)-C(9) 113.4(6) 111.4(14) 114.5(15) 113.6(4) 112.9(4) 116.2(14) 112.8(16) 113.8(3) 
C(10)-N(2)-C(9) 107.0(5) 112.8(14) 108.8(13) 107.4(3) 107.5(3) 105.7(12) 107.3(13) 108.0(3) 
C(18)-0(2)-C(19) 115.1(6) 113.3(13) 114.6(17) 114.8(4) 114.6(4) 115.6(16) 114.5(17) 114.4(4) 
C(3)-0(3)-C(22) 117.1(5) 112.3(16) 118.1(15) 117.9(4) 115.9(3) 116.6(12) 118.4(12) 115.9(4) 
C(4)-0(4)-C(23) 115.2(6) 117.5(15) 117.9(19) 115.5(4) 115.9(4) 117.1(13) 116.4(13) 115.9(4) 
C(2)-C(1)-C(6) 123.7(6) 117.7(17) 118.5(18) 122.1(4) 121.9(4) 119.7(13) 121.3(14) 120.5(4) 
C(6)-C(1)-N(1) 109.4(6) 114.5(17) 110.0(18) 109.3(4) 110.5(3) 110.7(13) 111.2(13) 110.4(4) 
C(2)-C(1)-N(1) 126.9(6) 127.6(17) 132(2) 128.5(4) 127.7(4) 129.6(14) 127.5(14) 129.1(4) 
C( I )-C(2)-C(3) 116.8(6) 119.9(17) 122(2) 117.9(4) 117.4(4) 118.5(14) 117.9(15) 118.3(4) 
0(3)-C(3)-C(2) 123.2(6) 127.4(18) 125.1(19) 124.6(4) 123.6(4) 124.1(14) 123.5(15) 123.8(4) 
0(3)-C(3)-C(4) 117.5(6) 108.6(18) 116.0(18) 114.9(4) 115.6(4) 116.5(15) 116.1(14) 114.8(4) 
C(4)-C(3)-C(2) 119.3(6) 123.6(17) 118.9(17) 120.4(4) 120.7(4) 119.3(15) 120.4(15) 121.4(4) 
C(5)-C(4)-0(4) 124.3(6) 125.1(16) 129(2) 118.6(4) 124.7(4) 121.6(15) 125.5(14) 124.2(4) 
C(3)-C(4)-0(4) 113.3(6) 119.3(16) 113.5(17) 121.0(4) 114.7(4) 115.1(15) 115.3(15) 116.0(4) 
C(5)-C(4)-C(3) 122.3(6) 114.9(18) 117.6(16) 120.3(4) 120.6(4) 123.3(16) 119.2(14) 119.7(4) 
C(4)-C(5)-C(6) 119.0(6) 120.3(17) 121.3(18) 120.2(4) 118.3(4) 116.6(15) 118.4(14) 119.3(4) 
C(1)-C(6)-C(5) 118.7(6) 122.8(18) 121.0(16) 119.0(4) 120.9(4) 122.4(14) 122.7(15) 120.8(4) 
C(5)-C(6)-C(7) 129.8(6) 130.0(18) 129.2(16) 129.8(4) 128.8(4) 128.9(13) 127.5(14) 128.5(4) 
C(1)-C(6)-C(7) 111.5(6) 107.2(16) 109.7(17) 111.1(4) 110.1(4) 108.4(13) 109.8(13) 110.4(4) 
C(6)-C(7)-C(1 1) 113.4(6) 114.6(14) 107.8(15) 112.4(4) 111.4(3) 112.4(13) 112.5(12) 113.2(4) 
- C(6)-C(7)-C(9) 116.0(6) 116.6(14) 113.8(15) 114.5(4) 115.9(3) 113.7(14) 113.4(14) 114.9(3) 
C(6)-C(7)-C(8) 102.6(5) 106.2(15) 101.1(14) 102.8(3) 102.2(3) 102.5(12) 100.6(12) 102.9(3) 
C(1 1)-C(7)-C(9) 101.0(6) 98.4(13) 105.8(15) 101.4(3) 101.9(3) 101.5(13) 105.0(14) 101.5(3) 
C(1 I)-C(7)-C(8) 111.3(6) 109.7(14) 113.0(15) 112.3(4) 111.6(4) 112.0(14) 112.0(12) 110.3(3) 
C(9)-C(7)-C(8) 112.9(6) 111.3(14) 115.3(15) 113.8(4) 114.3(4) 115.1(14) 113.6(13) 114.4(3) 
N( I )-C(8)-C(14) 106.1(5) 104.4(14) 104.5(14) 106.3(4) 106.4(3) 106.2(13) 106.7(12) 105.3(3) 
N(1)-C(8)-C(7) 104.0(5) 102.4(15) 106.0(15) 104.0(3) 104.8(3) 104.8(12) 105.4(12) 104.3(3) 
C(14)-C(8)-C(7) 117.6(6) 119.5(14) 117.7(16) 116.7(4) 117.5(4) 115.4(14) 116.7(13) 117.0(3) 
C(12)-C(9)-N(2) 110.7(6) 111.8(15) 110.9(14) 110.8(4) 110.5(4) 107.4(14) 109.7(14) 110.5(3) 
C(12)-C(9)-C(7) 116.0(7) 114.6(16) 114.7(15) 116.4(4) 115.2(4) 116.7(14) 118.2(14) 115.1(3) 
N(2)-C(9)-C(7) 105.3(6) 104.4(12) 101.7(15) 104.8(4) 104.2(4) 107.3(14) 103.5(15) 104.9(3) 
C(1 1)-C(10)-N(2) 104.4(6) 100.3(14) 104.2(15) 104.6(4) 105.1(4) 105.4(14) 104.2(13) 104.3(3) 
C(I0)-C(11)-C(7) 103.7(6) 106.8(14) 99.4(16) 103.1(4) 103.8(4) 103.6(14) 104.0(14) 103.3(3) 
C(9)-C(12)-C(13) 109.9(6) 109.4(15) 111.7(17) 108.1(4) 109.0(4) 106.9(16) 107.5(16) 108.5(4) 
C(16)-C(13)-C(14) 115.4(6) 114.4(16) 110.9(17) 114.6(4) 114.5(4) 120(2) 116.4(17) 114.8(4) 
C(16)-C(13)-C(12) 107.1(7) 110.2(16) 112.3(18) 109.3(4) 109.0(4) 107.3(15) 109.4(15) 109.6(4) 
C(14)-C(13)-C(12) 106.2(6) 107.1(16) 103.3(15) 106.4(4) 106.5(4) 105.5(14) 106.3(14) 106.3(4) 
C(8)-C(14)-C(19) 106.8(6) 108.4(14) 108.9(16) 107.5(4) 107.5(4) 103.7(14) 105.0(14) 107.5(3) 
C(8)-C(14)-C(13) 112.2(6) 110.1(15) 111.3(15) 112.8(4) 111.7(4) 113.5(15) 113.4(13) 112.5(4) 
C(19)-C(14)-C(13) 118.0(6) 116.9(15) 116.6(18) 118.2(4) 118.4(4) 118.0(14) 119.2(15) 118.4(4) 
C(16)-C(15)-N(2) 108.7(6) 112.9(16) 107.6(15) 110.4(4) 110.5(4) 108.0(14) 108.9(15) 110.5(4) 
C(17)-C(16)-C(15) 121.0(7) 123.1(19) 124.5(19) 122.7(5) 121.7(5) 120.5(19) 119(2) 122.8(5) 
C(17)-C(16)-C(13) 122.0(9) 124.0(19) 123(2) 122.2(5) 122.1(5) 122.1(18) 124.8(17) 122.1(5) 
C(15)-C(16)-C(13) 117.0(7) 112.9(17) 112.4(19) 115.1(4) 116.2(4) 117.1(17) 116.2(19) 115.1(4) 
C(16)-C(17)-C(18) 120.9(8) 125.1(18) 126.1(19) 122.8(5) 122.0(5) 122.5(19) 120(2) 122.1(5) 
O(2)-C(18)-C(17) 112.2(7) 109.9(16) 113.1(18) 111.8(4) 112.5(4) 113.4(15) 114.0(16) 110.5(4) 
0(2)-C(19)-C(14) 115.4(6) 117.5(14) 116.1(18) 114.9(4) 114.9(4) 114.6(14) 115.4(15) 114.9(4) 
0(2)-C(19)-C(20) 104.5(6) 104.9(15) 104.5(17) 104.0(4) 105.2(4) 108.0(16) 104.0(16) 103.7(4) 
C(20)-C(19)-C(14) 110.4(6) 106.9(16) 111.9(16) 109.6(4) 110.4(4) 110.6(14) 111.0(14) 110.0(4) 
C(21)-C(20)-C(19) 118.9(7) 117.9(18) 114.5(17) 116.8(4) 118.1(4) 119.7(15) 116.9(14) 116.7(4) 
0(l)-C(2 I)-N(I) 122.3(6) 118.8(16) 123.0(18) 121.8(4) 121.9(4) 125.4(16) 123.7(15) 122.5(4) 
O(1)-C(21)-C(20) 123.1(6) 119.1(17) 119.2(16) 122.6(4) 121.5(4) 122.4(14) 120.4(14) 123.2(4) 
N(1)-C(21)-C(20) 114.5(6) 122.1(19) 117.7(18) 115.5(4) 116.5(4) 112.2(14) 115.9(15) 114.2(4) 
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Table 6-29: Bond angles [0]  for the bruciniums in 17, 18, 19, 20, 21,and 22 
17 18 '19 20 21 21' 21" 21Z 22 
C(21)-N(1)-C(l) 127.7(4) 126.8(2) 126.0(3) 125.3(3) 125.6(7) 124.3(7) 124.9(8) 123.8(7) 126.7(10) 
C(2 1)-N(1)-C(8) 119.7(4) 119.3(2) 118.5(3) 118.9(3) 119.2(7) 118.4(7) 121.2(7) 118.7(7) 119.0(9) 
C(1)-N(1)-C(8) 109.2(4) 108.5(2) 109.2(3) 108.5(3) 108.5(7) 108.8(6) 108.6(7) 110.4(6) 108.3(8) 
C(15)-N(2)-C(9) 112.5(4) 113.8(2) 113.9(3) 113.6(4) 114.1(7) 113.6(8) 112.1(7) 115.0(7) 114.6(10) 
C(10)-N(2)-C(15) 112.2(4) 112.8(2) 112.5(3) 111.7(4) 112.4(7) 112.8(7) 112.9(7) 112.6(7) 112.7(11) 
C(I0)-N(2)-C(9) 108.3(3) 107.4(2) 107.6(3) 107.5(3) 107.9(7) 107.1(6) 107.1(7) 107.1(6) 108.4(10) 
C(18)-0(2)-C(19) 114.5(4) 115.6(3) 115.6(4) 115.1(4) 115.5(7) 113.3(7) 114.1(8) 115.2(7) 114.9(10) 
C(3)-0(3)-C(22) 116.7(4) 115.3(3) 117.8(3) 117.0(3) 115.2(6) 117.1(7) 113.9(7) 115.9(7) 115.7(8) 
C(4)-0(4)-C(23) 116.4(4) 116.7(3) 115.6(3) 116.2(4) 116.3(7) 116.7(7) 115.8(7) 117.0(7) 116.8(9) 
C(6)-C(1)-C(2) 121.6(4) 122.0(3) 122.6(3) 121.1(3) 121.0(7) 121.0(8) 121.8(8) 120.2(8) 122.4(8) 
C(6)-C(1)-N(1) 110.2(4) 110.6(2) 109.7(3) 110.8(3) 110.5(7) 111.3(8) 110.0(8) 109.5(7) 111.6(10) 
C(2)-C(1)-N(1) . 128.3(4) 127.3(3) 127.6(3) 128.1(3) 128.5(8) 127.7(8) 128.2(8) 130.3(8) 126.0(10) 
C(3)-C(2)-C(1) 117.9(4) 117.6(3) 117.3(3) 118.3(4) 118.6(8) 116.6(8) 119.0(8) 119.4(8) 117.5(11) 
0(3)-C(3)-C(2) 124.3(5) 123.9(3) 123.5(3) 123.9(4) 124.1(8) 122.1(8) 125.4(8) 125.5(9) 124.3(11) 
C(2)-C(3)-C(4) 120.7(5) 120.9(3) 120.5(3) 120.9(4) 121.7(8) 122.6(8) 120.3(9) 120.9(9) 120.2(11) 
0(3)-C(3)-C(4) 115.0(4) 115.1(3) 116.0(3) 115.1(4) 114.2(7) 115.2(7) 114.2(8) 113.7(8) 115.5(8) 
0(4)-C(4)-C(5) 125.8(5) 124.7(3) 123.4(3) 125.2(4) 124.1(8) 123.6(8) 124.7(9) 124.4(8) 123.6(11) 
0(4)-C(4)-C(3) 114.3(4) 115.4(3) 115.6(3) 115.4(4) 116.5(8) 119.8(8) 119.7(8) 115.9(8) 115.8(10) 
C(5)-C(4)-C(3) 119.9(5) 119.9(3) 121.0(3) 119.4(4) 119.4(8) 116.5(8) 115.6(8) 119.6(8) 120.6(9) 
C(4)-C(5)-C(6) 118.7(5) 119.2(3) 118.5(4) 119.5(4) 118.8(8) 118.4(8) 119.1(9) 118.7(9) 119.3(10) 
C(1)-C(6)-C(5) 121.2(4) 120.2(3) 120.0(3) 120.7(3) 120.5(8) 121.4(8) 119.9(9) 120.9(8) 119.8(10) 
C(1 )-C(6)-C(7) 111.2(4) 110.2(3) 111.5(3) 110.6(3) 111.2(7) 109.4(7) 109.2(7) 110.7(7) 110.7(8) 
C(5)-C(6)-C(7) 127.4(4) 129.5(3) 128.6(4) 128.7(3) 128.3(8) 129.1(8) 130.2(8) 128.4(8) 129.3(10) 
C(6)-C(7)-C(9) 114.2(4) 115.9(2) 115.6(3) 114.1(3) 115.2(7) 115.2(7) 113.3(7) 114.9(7) 115.6(9) 
C(6)-C(7)-C(8) . 102.6(4) 102.8(2) 101.3(3) 102.7(3) 101.2(7) 103.6(7) 103.8(7) 103.0(7) 101.2(9) 
C(8)-C(7)-C(9) 114.4(4) 114.2(2) 113.5(3) 114.8(3) 114.5(7) 111.7(7) 112.9(7) 114.0(7) 115.2(9) 
C(6)-C(7)-C(11) 113.0(4) 112.3(2) 114.2(4) 112.8(4) 111.9(7) 114.1(7) 112.2(7) 114.1(7) 111.9(16) 
C(9)-C(7)-C(I1) 102.0(4) 100.9(2) 102.3(3) 101.6(3) 102.3(7) 101.5(7) 102.0(7) 100.8(7) 102.1(10) 
C(8)-C(7)-C(1 1) 111.0(4) 111.2(2) 110.3(3) 111.4(4) 112.3(7) 111.0(7) 112.9(7) 110.4(7) 111.3(9) 
N(1)-C(8)-C(14) 105.3(3) 105.9(2) 106.3(3) 105.2(3) 107.7(7) 106.0(7) 105.3(7) 106.4(6) 107.7(10) 
N( 1 )-C(8)-C(7) 104.8(4) 104.4(2) 104.2(3) 104.8(3) 105.2(6) 102.9(7) 104.5(7) 102.7(6) 105.2(8) 
C(14)-C(8)-C(7) 117.2(4) 116.5(2) 117.5(4) 117.1(4) 117.2(7) 117.3(7) 119.3(7) 115.8(7) 116.1(9) 
C(12)-C(9)-C(7) 115.6(4) 115.4(2) 115.5(4) 115.2(3) 115.7(7) 110.4(8) 117.4(8) 114.6(7) 117.0(11) 
C(12)-C(9)-N(2) 110.9(4) 110.3(2) 110.4(3) 110.7(3) 109.8(7) 117.4(8) 110.3(8) 110.9(7) 108.7(11) 
N(2)-C(9)-C(7) 104.4(3) 105.0(2) 105.2(3) 105.5(3) 105.0(6) 105.5(7) 103.2(7) 105.5(7) 104.6(9) 
N(2)-C(10)-C(l1) 105.0(4) 104.6(2) 104.1(3) 104.4(4) 104.5(7) 103.0(7) 106.2(7) 104.5(7) 104.0(11) 
C(10)-C(11)-C(7) 103.5(4) 103.0(2) 102.8(4) 103.2(4) 102.6(7) 103.5(7) 103.9(7) 104.1(7) 104.2(10) 
C(9)-C(12)-C(13) 109.0(4) 108.7(3) 109.3(4) 108.9(4) 108.7(7) 108.3(7) 109.0(7) 108.4(7) 107.8(9) 
C(16)-C(13)-C(14) 114.2(4) 114.9(2) 113.6(4) 113.3(4) 114.5(7) 115.5(7) 114.0(7) 114.8(7) 113.6(10) 
C(16)-C(13)-C(12) 108.3(4) 108.7(3) 109.3(4) 110.2(4) 109.2(8) 108.6(8) 109.6(8) 109.7(8) 107.7(12) 
C(14)-C(13)-C(12) 105.8(4) 107.0(2) 106.8(3) 105.9(3) 107.0(7) 106.2(7) 106.0(7) 106.2(7) 107.6(11) 
C(19)-C(14)-C(8) 106.1(4) 107.8(2) 107.9(4) 108.0(4) 107.3(7) 107.3(7) 107.4(7) 106.7(7) 108.3(9) 
C(13)-C(14)-C(8) 113.7(3) 112.4(2) 112.4(3) 112.6(3) 113.2(7) 112.4(8) 110.7(7) 113.4(7) 114.3(10) 
C(19)-C(14)-C(13) 119.9(4) 117.6(3) 119.2(3) 118.9(3) 118.9(7) 117.5(7) 119.4(7) 118.5(7) 117.0(10) 
C(16)-C(15)-N(2) 108.7(4) 109.9(2) 111.0(3) 109.2(3) 109.3(7) 108.6(7) 111.9(8) 109.9(7) 107.7(10) 
C(17)-C(16)-C(13) 122.9(5) 122.2(3) 122.1(4) 123.0(4) 123.8(10) 122.5(9) 123.8(9) 122.4(9) 122.2(15) 
C(17)-C(16)-C(15) 121.2(5) 121.5(3) 122.4(4) 122.0(4) 120.6(10) 121.4(9) 121.9(9) 121.5(9) 121.9(15) 
C(15)-C(16)-C(13) 115.9(4) 116.3(3) 115.4(3) 115.0(4) 115.6(9) 116.1(8) 114.1(8) 116.1(8) 115.8(12) 
C(16)-C(17)-C(18) 121.8(5) 122.1(3) 121.5(4) 122.1(4) 122.9(10) 123.1(10) 124.5(10) 123.6(10) 122.9(15) 
0(2)-C(18)-C(17) 112.8(4) 110.4(3) 109.4(4) 112.1(3) 112.2(8) 110.8(8) 111.0(8) 111.2(7) 109.7(11) 
0(2)-C(19)-C(14) 114.0(4) 114.8(2) 115.7(3) 115.5(3) 115.1(7) 114.1(8) 112.9(7) 113.7(7) 113.4(11) 
0(2)-C(19)-C(20) 103.2(4) 103.3(2) 103.5(3) 104.3(4) 105.6(7) 104.1(7) 104.7(7) 104.9(7) 105.4(9) 
C(14)-C(19)-C(20) 111.4(4) 110.4(2) 110.3(3) 109.9(3) 110.6(7) 110.3(7) 110.6(8) 110.4(7) 110.5(9) 
C(2 I )-C(20)-C(l9) 116.9(4) 117.4(3) 116.8(3) 116.0(3) 118.2(8) 116.8(7) 119.1(8) 117.6(8) 118.6(9) 
O(1)-C(21)-N(1) 123.1(4) 122.6(3) 123.8(4) 123.2(3) 122.1(9) 121.4(9) 121.7(9) 123.4(9) 120.4(10) 
0(1)-C(21)-C(20) 121.4(4) 121.5(3) 121.8(4) 122.6(4) 122.2(9) 122.2(9) 122.7(8) 121.7(8) 123.5(11) 
N(I)-C(21)-C(20) 115.5(4) 115.9(2) 114.4(3) 114.1(3) 115.6(8) 116.2(8) 115.6(8) 114.9(8) 116.1(12) 
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Table 6-30: Bond lengths [A] for the bruciniums in 11, 12, 13b, 14, 15 and 16 
11 12 12' 13b 14 15 15' 16 
N(l)-C(21) 1.358(8) 1.29(2) 1.34(2) 1.365(5) 1.360(5) 1.38(2) 1.350(19) 1.375(5) 
N(1)-C(1) 1.444(9) 1.42(3) 1.40(2) 1.430(6) 1.423(5) 1.427(18) 1.443(18) 1.403(6) 
N(l)-C(8) 1.484(8) 1.58(2) 1.49(2) 1.493(5) 1.485(5) 1.45(2) 1.462(19) 1.491(5) 
N(2)-C(15) 1.522(11) 1.58(2) 1.56(3) 1.496(6) 1.517(7) 1.52(2) 1.53(2) 1.492(6) 
N(2)-C(10) 1.508(10) 1.50(2) 1.48(3) 1.509(7) 1.510(6) 1.52(2) 1.54(2) 1.504(5) 
N(2)-C(9) 1.527(9) 1.50(2) 1.54(3) 1.532(6) 1.533(6) 1.49(2) 1.54(2) 1.524(5) 
0(l)-C(21) 1.223(8) 1.31(2) 1.56(3) 1.231(5) 1.227(6) 1.19(2) 1.22(2) 1.218(5) 
O(2)-C(18) 1.416(9) 1.48(2) 1.39(2) 1.443(6) 1.429(6) 1.43(2) 1.45(2) 1.444(6) 
0(2)-C(19) 1.435(8) 1.37(2) 1.47(2) 1.433(6) 1.421(6) 1.42(2) 1.44(2) 1.426(6) 
0(3)-C(3) 1.356(7) 1.38(2) 1.36(2) 1.363(5) 1.364(5) 1.345(19) 1.36(2) 1.377(5) 
0(3)-C(22) 1.414(8) 1.42(3) 1.42(2) 1.425(6) 1.421(6) 1.450(19) 1.43(2) 1.429(6) 
0(4)-C(4) 1.408(8) 1.32(2) 1.33(2) 1.381(5) 1.382(5) 1.38(2) 1.331(19) 1.377(5) 
0(4)-C(23) 1.432(9) 1.46(2) 1.42(3) 1.434(6) 1.416(6) 1.49(2) 1.46(2) 1.434(6) 
C(1)-C(6) 1.375(9) 1.41(3) 1.39(3) 1.387(6) 1.372(6) 1.39(2) 1.37(2) 1.392(6) 
C(1)-C(2) 1.365(9) 1.41(2) 1.39(3) 1.397(6) 1.396(6) 1.43(2) 1.36(2) 1.399(6) 
C(2)-C(3) 1.416(10) 1.31(3) 1.36(3) 1.382(6) 1.386(6) 1.41(2) 1.43(2) 1.378(6) 
C(3)-C(4) 1.391(9) 1.48(3) 1.47(3) 1.410(7) 1.407(6) 1.40(2) 1.41(2) 1.403(6) 
C(4)-C(5) 1.346(9) 1.41(3) 1.39(3) 1.372(6) 1.386(6) 1.39(2) 1.40(2) 1.387(6) 
C(5)-C(6) 1.400(10) 1.37(3) 1.38(3) 1.386(6) 1.385(6) 1.41(2) 1.38(2) 1.380(6) 
C(6)-C(7) 1.485(9) 1.49(3) 1.57(3) 1.503(6) 1.523(6) 1.55(2) 1.57(2) 1.498(6) 
C(7)-C(8) 1.568(10) 1.56(3) 1.51(2) 1.557(6) 1.549(6) 1.57(2) 1.60(2) 1.555(6) 
C(7)-C(9) 1.539(9) 1.57(3) 1.53(3) 1.547(6) 1.539(6) 1.51(2) 1.52(2) 1.542(5) 
C(7)-C(11) 1.535(10) 1.59(2) 1.47(3) 1.539(6) 1.538(6) 1.51(2) 1.51(2) 1.546(5) 
C(8)-C(14) 1.520(10) 1.51(3) 1.49(3) 1.535(7) 1.532(6) 1.54(2) 1.54(2) 1.541(6) 
C(9)-C(12) 1.475(12) 1.53(3) 1.45(3) 1.502(6) 1.526(7) 1.54(2) 1.54(2) 1.526(6) 
C(10)-C(11) 1.500(10) 1.51(3) 1.61(3) 1.516(6) 1.488(7) 1.51(2) 1.50(2) 1.514(6) 
C(12)-C(13) 1.552(11) 1.54(3) 1.49(3) 1.544(6) 1.518(7) 1.58(2) 1.54(2) 1.533(7) 
C(13)-C(16) 1.522(10) 1.54(3) 1.58(3) 1.526(7) 1.520(7) 1.47(3) 1.49(3) 1.519(7) 
C(13)-C(14) 1.529(9) 1.54(3) 1.62(3) 1.534(6) 1.539(7) 1.50(3) 1.52(2) 1.536(6) 
C(14)-C(19) 1.526(10) 1.52(3) 1.51(3) 1.540(6) 1.526(6) 1.57(2) 1.54(2) . 1.519(6) 
C(15)-C(16) 1.499(13) 1.50(3) 1.46(3) 1.509(7) 1.478(7) 1.51(2) 1.52(3) 1.498(7) 
C(16)-C(17) 1.348(13) 1.22(3) 1.24(3) 1.322(7) 1.353(7) 1.34(3) 1.37(3) 1.327(7) 
C(17)-C(18) 1.494(13) 1.54(3) 1.47(3) 1.505(7) 1.484(8) 1.51(3) 1.51(3) 1.499(7) 
C(19)-C(20) 1.520(10) 1.66(3) 1.54(3) 1.553(7) 1.542(7) 1.48(3) 1.54(2) 1.551(6) 
C(20)-C(21) 1.502(10) 1.39(3) 1.25(2) 1.507(7) 1.503(6) 1.55(2) 1.51(2) 1.515(6) 
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Table 6-31: Bond lengths [A] for the bruciniums in 17, 18, 19, 20, 21 and 22 
17 18 19 20 21 21' 21" 21z 22 
C(1)-C(6) 1.367(7) 1.377(4) 1.368(5) 1.376(5) 1.378(12) 1.384(12) 1.381(12) 1.396(11) 1.372(14) 
C(1)-C(2) 1.392(7) 1.398(4) 1.380(5) 1.392(5) 1.386(11) 1.403(12) 1.374(12) 1.381(12) 1.398(15) 
C(1)-N(1) 1.423(6) 1.422(4) 1.419(4) 1.419(5) 1.406(10) 1.422(11) 1.439(11) 1.414(10) 1.412(11) 
C(2)-C(3) 1.387(7) 1.382(5) 1.396(5) 1.374(6) 1.372(11) 1.383(12) 1.348(12) 1.353(12) 1.399(12) 
C(3)-0(3) 1.364(6) 1.360(3) 1.366(4) 1.375(5) 1.391(10) 1.392(10) 1.369(11) 1.373(10) 1.346(12) 
C(3)-C(4) 1.414(8) 1.416(4) 1.394(6) 1.416(6) 1.409(12) 1.375(12) 1.434(13) 1.432(13) 1.421(15) 
C(4)-0(4) 1.363(6) 1.360(4) 1.378(4) 1.370(5) 1.371(10) 1.377(10) 1.386(11) 1.375(11) 1.380(10) 
C(4)-C(5) 1.386(7) 1.385(4) 1.375(5) 1.377(6) 1.384(12) 1.402(12) 1.372(13) 1.377(13) 1.366(15) 
C(5)-C(6) 1.387(7) 1.390(4) 1.399(5) 1.380(5) 1.409(12) 1.367(12) 1.382(12) 1.388(12) 1.408(11) 
C(6)-C(7) 1.510(6) 1.502(4) 1.514(5) 1.511(5) 1.504(12) 1.501(11) 1.518(13) 1.494(12) 1.513(14) 
C(7)-C(9) 1.554(6) 1.544(4) 1.529(6) 1.532(6) 1.539(12) 1.549(12) 1.567(12) 1.549(12) 1.538(16) 
C(7)-C(8) 1.553(7) 1.552(4) 1.561(5) 1.551(5) 1.560(11) 1.577(11) 1.523(12) 1.582(11) 1.577(12) 
C(7)-C(1 1) 1.554(6) 1.552(4) 1.532(7) 1.541(6) 1.530(12) 1.537(12) 1.534(11) 1.527(12) 1.550(15) 
C(8)-N(1) 1.483(6) 1.492(3) 1.490(4) 1.497(4) 1.489(11) 1.497(11) 1.501(10) 1.488(10) 1.488(13) 
C(8)-C(14) 1.537(6) 1.526(4) 1.529(6) 1.527(6) 1.501(11) 1.516(12) 1.551(11) 1.520(11) 1.510(13) 
C(9)-C(12) 1.508(7) 1.514(4) 1.503(7) 1.512(7) 1.495(12) 1.482(13) 1.478(13) 1.524(12) 1.525(16) 
C(9)-N(2) 1.537(5) 1.530(4) 1.524(5) 1.525(5) 1.511(10) 1.532(11) 1.577(11) 1.528(11) 1.536(15) 
C(10)-N(2) 1.501(6) 1.509(4) 1.512(6) 1.508(6) 1.511(12) 1.541(12) 1.491(12) 1.506(11) 1.521(16) 
C(10)-C(1 1) 1.507(7) 1.510(4) 1.533(5) 1.518(5) 1.530(12) 1.530(12) 1.500(13) 1.518(12) 1.522(16) 
C(12)-C(13) 1.536(7) 1.525(5) 1.529(6) 1.518(6) 1.520(12) 1.552(12) 1.558(12) 1.538(12) 1.566(15) 
C(13)-C(16) 1.521(6) 1.518(4) 1.511(6) 1.514(6) 1.495(14) 1.506(13) 1.514(13) 1.513(13) 1.522(17) 
C(13)-C(14) 1.533(6) 1.537(4) 1.532(5) 1.554(5) 1.535(12) 1.541(13) 1.549(12) 1.532(12) 1.528(17) 
C(14)-C(19) 1.520(7) 1.533(5) 1.537(5) 1.513(5) 1.512(12) 1.524(12) 1.517(12) 1.535(12) 1.521(14) 
C(15)-C(16) 1.490(7) 1.501(5) 1.498(6) 1.503(6) 1.484(13) 1.513(13) 1.516(14) 1.540(13) 1.530(18) 
C(15)-N(2) 1.504(6) 1.507(4) 1.490(5) 1.512(5) 1.498(11) 1.519(12) 1.475(13) 1.484(12) 1.510(16) 
C(1 6)-C(1 7) 1.336(7) 1.338(5) 1.323(5) 1.321(6) 1.329(14) 1.309(13) 1.302(13) 1.302(13) 1.329(17) 
C(17)-C(18) 1.508(8) 1.503(5) 1.499(7) 1.504(6) 1.523(15) 1.479(15) 1.513(14) 1.493(13) 1.51(2) 
C(18)-O(2) 1.428(6) 1.437(4) 1.452(5) 1.433(5) 1.425(12) 1.447(11) 1.435(11) 1.434(11) 1.429(16) 
C(19)-0(2) 1.450(5) 1.428(4) 1.426(5) 1.431(5) 1.420(10) 1.435(11) 1.436(11) 1.449(11) 1.444(12) 
C(19)-C(20) 1.560(7) 1.555(4) 1.531(6) 1.543(6) 1.536(13) 1.549(13) 1.536(13) 1.544(13) 1.534(16) 
C(20)-C(21) 1.510(7) 1.508(4) 1.515(5) 1.518(5) 1.507(13) 1.492(13) 1.500(13) 1.508(13) 1.526(15) 
C(21)-0(1) 1.244(6) 1.241(3) 1.221(4) 1.221(5) 1.209(11) 1.233(11) 1.230(11) 1.243(11) 1.203(13) 
C(21)-N(1) 1.347(6) 1.356(4) 1.355(5) 1.358(5) 1.360(11) 1.370(11) 1.372(11) 1.368(11) 1.373(13) 
C(22)-0(3) 1.429(8) 1.435(4) 1.426(5) 1.434(5) 1.430(11) 1.424(10) 1.457(11) 1.430(11) 1.428(12) 
C(23)-0(4) 1.416(7) 1.426(4) 1.416(5) 1.423(6) 1.413(11) 1.411(10) 1.460(12) 1.409(11) 1.439(13) 
Table 6-32: Atomic co-ordinates [x 10] and equivalent isotropic displacement parameters [A2 x103 
for 11 
x y z U(eq) x y z U(eq) 
C(1) 3021(6) 3402(5) 4851(2) 35(2) C(21) 1035(5) 3749(5) 4966(3) 35(2) 
C(2) 3480(6) 3803(5) 5255(2) 35(2) C(22) 4583(6) 4624(5) 6033(2) 45(2) 
C(3) 4630(6) 3914(5) 5251(2) 34(2) C(23) 6961(7) 3671(7) 4438(3) 59(2) 
C(4) 5224(5) 3616(5) 4845(2) 35(2) N(1) 1870(4) 3273(4) 4756(2) 32(1) 
C(5) 4753(6) 3171(5) 4465(2) 37(2) N(2) 2752(6) 1820(4) 3306(2) 50(2) 
C(6) 3616(5) 3055(5) 4464(2) 33(2) 0(1) 1119(4) 4114(3) 5370(2) 42(1) 
C(7) 2909(6) 2548(5) 4111(2) 40(2) 0(2) -679(4) 3076(3) 3954(2) 45(1) 
C(8) 1735(6) 2894(5) 4252(2) 37(2) 0(3) 5196(4) 4296(3) 5629(2) 41(1) 
C(9) 3175(7) 2688(5) 3563(2) 45(2) 0(4) 6350(4) 3800(4) 4882(2) 43(1) 
C(10) 2432(7) 1144(5) 3703(3) 53(2) 0(10) 5407(7) 826(6) 1952(3) 107(3) 
C(1 1) 2999(6) 1493(5) 4155(2) 40(2) 0(20) 6314(7) -69(5) 2422(3) 90(2) 
 2717(7) 3527(6) 3333(3) 51(2) C(10) 5490(7) 392(6) 2322(3) 55(2) 
 1456(7) 3540(6) 3397(3) 48(2) 0(1WA) 1292(10) 3601(10) 6337(4) 92(4) 
 1244(6) 3670(5) 3946(2) 37(2) 0(1WB) 1910(3) 3870(4) 6420(2) 95(17) 
 1837(7) 2012(7) 2941(3) 60(2) 0(2W) 0 256(7) 2500 122(5) 
 1020(8) 2645(5) 3177(3) 52(2) 0(3W) 1676(6) 606(7) 7022(3) 104(3) 
 -53(8) 2432(6) 3184(3) 58(2) 0(4W) 2928(14) 4245(11) 6931(5) 69(4) 
 -857(7) 3043(6) 3439(3) 59(2) 0(5WA) 1126(11) 2238(10) 6972(7) 87(5) 
 61(6) 3783(5) 4115(3) 41(2) 0(5WB) 779(13) 2430(9) 7419(7) 93(5) 
 -6(6) 3751(5) 4673(3) 46(2) 
NI] 
Table 6-33: Atomic co-ordinates [x 101 and equivalent isotropic displacement parameters [A2 x103 
for 12 
x y z 1J(eq) x y z IJ(eq) 
C(1) 15700(2) 4441(7) 7438(16) 51(5) C(12') 11120(2) 2954(6) 2159(15) 44(5) 
C(2) 15340(2) 3976(6) 7906(16) 41(4) C(13') 10900(3) 2973(6) 930(2) 70(7) 
C(3) 15060(2) 3938(7) 8970(2) 59(5) C(14') 10430(2) 3541(8) 697(17) 59(6) 
C(4) 14860(3) 4364(7) 9713(16) 53(5) C(15') 8740(3) 2303(7) 1360(2) 70(6) 
C(5) 15310(2) 4818(7) 9245(15) 52(5) C(16') 9380(2) 2625(7) 496(18) 51(5) 
C(6) 15730(2) 4849(7) 8152(16) 51(5) C(17') 8870(3) 2618(7) 480(2) 57(5) 
C(7) 16310(2) 5277(6) 7492(14) 45(4) C(18') 9470(3) 2940(7) -1372(19) 71(6) 
C(8) 16020(2) 5133(6) 6248(17) 50(5) C(19') 10310(3) 3697(8) -500(16) 65(6) 
C(9) 15430(2) 5783(7) 7756(16) 52(5) C(21') 9440(2) 4504(8) 492(15) 52(5) 
C(10) 18500(2) 5932(7) 7197(15) 51(5) C(20') 9770(3) 4237(7) -623(18) 60(5) 
C(11) 18280(2) 5431(6) 7703(17) 54(5) C(22) 9940(3) 5731(7) 3985(18) 62(6) 
C(12) 13700(2) 5875(7) 7135(18) 62(6) C(23') 10560(4) 4099(11) 6520(2) 111(10) 
C(13) 13970(3) 5828(7) 5882(17) 56(5) N(1') 8910(19) 4231(5) 1350(14) 54(4) 
C(14) 14360(2) 5287(6) 5645(14) 42(4) N(2) 8140(2) 2632(6) 2332(15) 65(5) 
C(15) 16160(3) 6482(8) 6452(15) 60(5) 0(1) 9720(2) 4953(5) 566(12) 72(4) 
C(16) 15400(3) 6186(7) 5511(18) 53(5) 0(2) 9057(17) 3429(5) -1204(12) 68(4) 
C(17) 15910(3) 6215(7) 4559(18) 54(5) 0(3') 10089(18) 5292(5) 4606(11) 68(4) 
C(18) 15280(3) 5891(7) 3585(19) 63(6) 0(4') 10367(19) 4506(5) 5803(13) 72(4) 
C(19) 14490(2) 5139(6) 4437(17) 52(5) C(10) 8840(5) 2008(11) 4620(3) 77(6) 
C(20) 15060(3) 4553(8) 4420(2) 69(7) C(20) 9110(5) 1933(10) 5820(3) 79(6) 
C(21) 15360(2) 4320(8) 5434(15) 50(5) N(20) 7530(3) 1942(8) 6345(18) 78(6) 
C(22) 14810(3) 3090(8) 8892(19) 68(6) 0(20) 7340(2) 2209(7) 4274(16) 86(6) 
C(23) 14280(3) 4718(8) 11465(19) 83(7) C(2P) 7520(2) 2235(7) 5232(16) 76(11) 
 15895(1) 4556(5) 6307(13) 48(4) C(IP) 9390(8) 2030(5) 5155(18) 84(7) 
 16780(2) 6157(5) 7467(13) 54(4) 0(10) 9970(3) 1899(7) 4026(17) 101(5) 
0(1) 15140(2) 3848(5) 5501(10) 72(4) 0(30) 10500(2) 1876(6) 6120(16) 90(5) 
0(2) 15710(16) 5372(5) 3817(11) 58(3) N(20') 1790(3) 1784(8) -1462(17) 61(5) 
0(3) 14725(16) 3516(5) 9559(11) 58(3) 0(20') 2250(2) 1610(7) 697(16) 79(5) 
0(4) 14543(18) 4289(4) 10771(12) 62(4) C(20') 3630(4) 1761(10) 180(2) 79(6) 
C(1) 9220(3) 4361(8) 2456(16) 58(5) C(10') 3320(3) 1832(9) -1080(2) 70(5) 
 9530(3) 4814(7) 2956(19) 62(6) C(IV) 4920(15) 1890(5) -560(13) 84(7) 
 9840(2) 4860(8) 4064(18) 56(6) 0(10') 4960(3) 1838(8) 639(18) 104(5) 
 9910(2) 4418(8) 4751(14) 52(5) 0(30') 4620(2) 1886(7) -1635(18) 93(5) 
 9520(2) 3975(7) 4243(18) 56(5) C(1E) 8220(4) 935(9) 209(18) 89(7) 
 9130(2) 3949(6) 3125(17) 49(5) 0(2E) 7910(2) 1472(6) -1450(15) 101(5) 
 8510(2) 3498(6) 2417(14) 45(5) C(2E) 8060(5) 966(9) -960(3) 115(9) 
 8790(2) 3686(6) 1254(15) 48(5) C(IF) 3310(6) 2757(12) 6160(2) 142(12) 
 9470(2) 3021(6) 2712(18) 55(5) 0(2E') 2920(4) 3188(10) 4430(2) 162(9) 
 6450(3) 2875(7) 2100(2) 68(6) C(2E') 3170(5) 2767(9) 5010(3) 144(10) 
C(1 1') 6660(3) 3408(7) 2651(17) 62(6) 0(1W) 17210(5) 5694(9) 10890(3) 158(14) 
Table 6-34: Anisotropic displacement parameters [A2 x 103] in 11 
Ull U22 U33 U23 U13 U12 Ull U22 U33 U23 U13 U12 
C(1) 29(4) 41(3) 34(3) 8(3) 0(3) -2(3) C(21) 20(3) 35(3) 51(4) -1(3) 5(3) 2(3) 
C(2) 31(4) 42(3) 31(3) -1(3) 4(3) 7(3) C(22) 46(5) 49(4) 42(4) -11(3) -9(4) 9(4) 
C(3) 36(4) 40(3) 26(3) 0(3) -3(3) 1(3) C(23) 33(4) 90(6) 53(5) 4(5) 7(4) 5(5) 
C(4) 20(3) 45(4) 42(4) 3(3) -10(3) 4(3)  19(3) 44(3) 33(3) -2(2) 2(2) -1(2) 
C(S) 41(4) 40(3) 30(3) 2(3) 10(3) 5(3)  44(4) 60(4) 46(3) -15(3) 7(3) -16(3) 
 23(3) 40(3) 37(3) -3(3) 0(3) -2(3) 0(1) 30(3) 56(3) 41(2) -10(2) 2(2) 10(2) 
 37(4) 48(4) 36(3) -4(3) 4(3) -9(3) 0(2) 30(3) 51(3) 55(3) 1(2) -9(2) -11(2) 
 28(4) 40(4) 42(4) -2(3) 1(3) -10(3) 0(3) 34(3) 50(3) 38(2) -11(2) -8(2) 9(2) 
 43(4) 59(4) 33(3) -9(3) 7(3) -21(4) 0(4) 24(2) 60(3) 46(3) 4(2) -7(2) 2(2) 
 58(6) 44(4) 56(4) -6(4) 14(4) -19(4) 0(10) 86(6) 145(7) 91(5) 73(5) -6(4) -16(5) 
C(1 1) 28(4) 45(4) 46(4) -9(3) 12(3) -8(3) 0(20) 97(5) 86(4) 87(5) 12(4) 32(5) 24(5) 
 53(5) 67(5) 33(3) -2(3) 6(3) -34(4) C(10) 48(5) 68(5) 49(4) 10(4) -11(4) -3(5) 
 48(5) 56(5) 39(4) 6(3) -11(3) -25(4) 0(IWA) 93(10) 123(10) 58(5) 22(6) 11(7) 42(9) 
 32(4) 42(4) 39(3) 2(3) 4(3) -11(3) 0(IWB) 50(3) 130(4) 100(4) 30(3) 10(3) 20(3) 
 64(6) 82(6) 34(4) -11(4)3(4) -34(5) 0(2W) 140(11) 63(6) 163(11) 0 -56(10) 0 
 66(6) 52(4) 38(4) -4(3) -10(4) -29(4) 0(3W) 60(4) 165(8) 87(5) -49(5) 5(4) -6(5) 
 64(6) 68(5) 43(4) 3(4) -13(4) -31(5) 0(4W) 81(12) 72(9) 55(8) 2(8) 1(9) 0(10) 
 45(5) 72(6) 59(5) -3(4) -16(4) -19(5) 0(5WA) 60(9) 72(8) 129(13) 0(9) 31(9) 22(7) 
 28(4) 39(3) 55(4) 10(3) -7(3) 4(3) 0(5WB) 85(11) 64(8) 132(13) 14(9) -15(11) 16(8) 
 34(4) 49(4) 54(4) -8(4) -4(4) -6(4) 
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Table 6-35: Bond lengths [A] and angles [0]  for the oxamate in 12 
C(10)-0(10) 1.18(3) 0(2E)-C(2E) 1.51(3) 0(20)-C(20)-C(10') 114(2) 
C(10)-0(20) 1.33(4) C( I E')-C(2E') 1.38(4) C( I P)-C(20)-C( 10) 56(6) 
C(10)-C(20) 1.48(5) 0(2E)-C(2E) 1.36(3) 0(30)-C(10')-N(20') 126(3) 
C(20)-0(30) 1.13(3) 0(10)-C(10)-0(20) 124(3) 0(30')-C( I 0)-C( I F) 60(6) 
C(20)-N(20) 1.37(4) 0(10)-C(10)-C(20) 118(3) N(20')-C(10')-C(IP') 174(7) 
C(2P)-C(IP) 1.547(11) 0(20)-C(10)-C(20) 118(3) 0(30')-C(10')-C(20') 116(2) 
C(1 P)-0(30) 1.484(11) 0(30)-C(20)-C(10) 116(3) N(20')-C(10')-C(20') 118(2) 
C(IP)-0(10) 1.484(11) 0(30)-C(20)-N(20) 134(3) C(IP')-C(10')-C(20') 56(6) 
N(20)-C(1O) 1.26(3) C(10)-C(20)-N(20) 110(3) 0(30)-C(IP)-C(10) 54(6) 
0(20)-C(20') 1.31(3) 0(30)-C( I P)-0( 10) 118.5(19) 0(30')-C( 1 P')-C(20') 121(9) 
C(20')-0(10') 1.17(3) 0(30)-C( I P)-C(2P) 125(2) C( I 0')-C( I P')-C(20) 68(6) 
C(20)-C(1 P') 1.39(13) 0(10)-C(1 P)-C(2P) 116.1(19) 0(30')-C(IP)-0(10') 170(10) 
C(20')-C( 10') 1.54(4) C(1 0)-0( I 0)-C(1 P) 31(2) C( I 0')-C( I P')-O( 10') 116(9) 
C(10')-0(30') 1.22(3) C(20)-0(30)-C( I P) 36(3) C(20')-C( I P)-0( 10') 49(5) 
C( I 0')-C(l P') 1.37(13) 0(10')-C(20')-0(20') 122(3) C(20')-0( 1 0')-C( IF) 63(5) 
C( I P')-0(30') 1.31(15) 0(1 0')-C(20')-C( IF) 69(6) C(1 0')-O(30)-C( IF) 66(5) 
C(1P')-O(lO') 1.45(15) 0(20')-C(20')-C(IP) 169(7) C(IE)-C(2E)-0(2E) 117(2) 
C( 1 E)-C(2E) 1.41(4) 0(1 0')-C(20')-C( 10) 124(3) 0(2E')-C(2E')-C( 1 E') 123(3) 
Table 6-36: Atomic co-ordinates [x 104 ] and equivalent isotropic displacement parameters [A2 x103 
for 13b. 
x y z U(eq) x y z U(eq) 
0(3LB) 1314(5) 7198(2) 9045(2) 47(1)  6656(6) 10606(3) 10277(2) 24(1) 
0(3LA) 1765(6) 6873(2) 10231(2) 65(1)  6699(6) 11526(3) 10671(2) 27(1) 
C(3L) 1451(6) 7398(3) 9724(3) 38(1)  5599(5) 9919(3) 10659(3) 28(1) 
0(2L) 1550(7) 8509(2) 10682(2) 70(1)  8259(6) 9747(3) 11080(3) 34(I) 
C(2L) 1186(7) 8367(3) 9928(3) 44(2) C(1 I) 8217(5) 10127(3) 10304(2) 30(1) 
C(IL) 2087(9) 8988(4) 9454(3) 72(2) C(12) 4171(6) 10277(3) 11016(3) 32(1) 
N(1) 6773(5) 12181(2) 10052(2) 28(1) C(13) 4652(6) 10993(3) 11581(2) 30(l) 
N(2) 6628(5) 9460(2) 11230(2) 31(1) C(14) 5285(6) 11777(3) 11133(2) 26(1) 
0(1) 6341(4) 13612(2) 9714(2) 42(1) C(15) 6144(7) 9620(3) 12012(2) 37(1) 
0(2) 6706(4) 12547(2) 12153(2) 42(1) C(16) 5785(6) 10591(3) 12131(3) 34(1) 
0(3) 5453(5) 11839(2) 7399(2) 42(1) C(17) 6396(7) 11061(3) 12674(3) 42(1) 
0(4) 5097(4) 10087(2) 7665(2) 37(1) C(18) 6112(7) 12041(4) 12767(3) 49(2) 
C(1) 6348(5) 11750(3) 9377(2) 27(1) C(19) 5665(6) 12646(3) 11545(3) 36(I) 
C(2) 6100(5) 12130(3) 8683(3) 30(1) C(20) 6503(7) 13296(3) 11014(3) 45(2) 
C(3) 5670(6) 11573(3) 8112(2) 32(1) C(21) 6510(6) 13056(3) 10206(3) 31(1) 
C(4) 5464(6) 10656(3) 8237(2) 31(l) C(22) 5554(8) 12765(4) 7240(3) 53(2) 
C(5) 5732(5) 10301(3) 8924(2) 27(1) C(23) 3581(6) 10188(4) 7366(3) 48(2) 
C(6) 6187(6) 10845(3) 9502(2) 26(1) 
Table 6-37: Bond lengths [A] and angles [0]  for the lactate in 13b. 
0(3LB)-C(3L) 1.270(6) C(2L)-C(1L) 1.492(8) 0(2L)-C(2L)-C(IL) 109.9(5) 
0(3LA)-C(3L) 1.241(6) 0(3LA)-C(3L)-0(3LB) 	125.7(5) 0(2L)-C(2L)-C(3L) 110.2(5) 
C(3L)-C(2L) 1.520(7) 0(3LA)-C(3L)-C(2L) 117.7(5) C( 1 L)-C(2L)-C(3L) 112.4(5) 
0(2L)-C(2L) 1.417(6) 0(3LB)-C(3L)-C(2L) 116.6(5) 
Table 6-38: Anisotropic displacement parameters [A2 x 103 ] in 13b. 
Ull U22 U33 U23 U13 U12 Ull U22 U33 U23 U13 U12 
0(3LB) 63(3) 35(2) 41(2) -1(2) -12(2) -1(2)  25(3) 23(2) 26(2) -1(2) 0(2) 1(2) 
0(3LA) 115(4) 30(2) 51(2) 2(2) -23(3) 4(3)  26(3) 25(2) 30(3) -1(2) -5(3) 2(2) 
C(3L) 34(3) 30(3) 50(3) 2(3) -6(3) 0(3)  28(3) 25(3) 32(3) -2(2) 0(2) -3(2) 
0(2L) 115(4) 52(2) 43(2) -9(2) 2(3) 5(3)  34(3) 33(3) 36(3) 0(2) -7(3) 5(3) 
C(2L) 47(4) 39(3) 48(3) -3(3) 1(3) 6(3) C(1 1) 28(3) 35(3) 27(3) 2(2) -1(2) 5(2) 
C(IL) 113(7) 40(3) 64(4) -7(3) 3(5) -23(4) C(12) 30(3) 32(3) 35(3) 0(2) 1(2) 1(2) 
N(1) 33(2) 20(2) 31(2) 0(2) -3(2) 1(2) C(13) 27(3) 32(3) 29(2) -3(2) 7(2) 3(2) 
N(2) 43(3) 24(2) 26(2) 2(2) 2(2) 2(2) C(14) 27(3) 24(2) 28(2) 4(2) -3(2) 1(2) 
0(1) 49(2) 26(2) 50(2) 4(2) 1(2) 0(2) C(15) 45(3) 39(3) 26(3) 1(2) 5(3) 8(3) 
0(2) 48(2) 44(2) 35(2) -7(2) -1(2) -5(2) C(16) 40(3) 38(3) 25(2) 0(2) 3(3) 1(3) 
0(3) 57(3) 39(2) 30(2) 9(2) -1(2) -3(2) C(17) 46(4) 52(3) 29(3) -3(3) 2(3) 6(3) 
0(4) 42(2) 43(2) 26(2) -8(2) -5(2) 0(2) C(18) 61(4) 53(4) 33(3) -11(3) -1(3) -3(3) 
C(I) 24(3) 26(3) 31(3) 4(2) -2(2) 4(2) C(19) 34(3) 33(3) 41(3) -15(3) -2(3) 8(3) 
C(2) 27(3) 29(3) 33(3) 4(2) 3(2) -2(2) C(20) 61(4) 29(3) 44(3) -10(2) -2(3) -8(3) 
C(3) 30(3) 37(3) 28(3) 3(2) 4(2) 0(3) C(21) 24(3) 26(3) 43(3) 0(2) 4(3) -2(2) 
C(4) 28(3) 32(3) 31(3) -3(2) 0(3) 4(2) C(22) 76(5) 45(4) 36(3) 17(3) -7(3) -8(4) 
C(S) 30(3) 26(3) 26(2) 0(2) 4(2) -2(2) C(23) 46(4) 49(3) 48(3) -2(3) -18(3) -5(3) 
C(6) 24(3) 26(3) 28(2) 1(2) 1(2) 2(2) 
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Table 6-39: Anisotropic displacement parameters [A 2 x io] in 12 
Ull 	U22 	U33 	U23 	U13 	U12 
45(11) 44(13) 64(13) -14(11) 8(9) 5(9) 
40(10) 19(9) 	64(13) -2(9) 	-12(9) -14(7) 
55(12) 32(13) 91(17) 	18(12) 16(11) 4(9) 
79(13) 22(11) 57(13) -8(10) -17(10) 2(10) 
73(13) 37(13) 48(13) -8(10) 5(9) 	18(10) 
53(11) 39(12) 61(14) 7(11) 	4(9) 8(9) 
53(11) 31(10) 	53(11) 	11(9) 	-1(8) 	-16(9) 
49(11) 8(9) 95(16) 4(9) 18(10) 4(7) 
32(10) 41(11) 85(14) -6(10) 26(9) 	-8(8) 
64(13) 43(11) 46(11) -13(9) 1(9) -1(9) 
51(11) 25(11) 86(14) -2(9) 	-2(10) 4(8) 
47(12) 44(12) 96(16) 32(11) 35(11) 1(9) 
56(12) 50(13) 63(13) -1(10) 2(10) 	-9(10) 
43(10) 32(10) 52(11) -6(9) 	5(8) -2(8) 
60(12) 64(14) 55(13) 	10(11) 5(10) 	-8(10) 
62(13) 38(12) 58(14) 2(10) 	7(11) 	15(9) 
60(13) 36(11) 67(15) 	12(10) 17(11) -3(9) 
53(12) 35(12) 	101(17) 19(11) 9(11) 	1(9) 
55(12) 26(11) 74(14) -21(9) -8(10) 6(9) 
67(13) 47(13) 93(18) 45(13) -14(12) 2(10) 
65(13) 58(15) 26(12) -2(11) -5(9) 	2(10) 
50(12) 54(15) 99(16) 	15(13) 0(11) 	1(10) 
112(19) 53(15) 85(17) -20(12) 44(14) 6(13) 
60(9) 	33(9) 	50(11) 	10(8) 	6(8) 	15(7) 
72(11) 32(9) 58(10) -3(7) 	4(8) -6(8) 
0(1) 	107(1 1) 40(10) 67(9) 	-10(7) -5(8) 	-19(8) 
0(2) 	60(8) 	42(8) 	72(9) 4(6) 	22(7) 	-10(6) 
0(3) 	59(8) 	33(8) 	82(9) 	2(7) -2(7) -9(6) 
0(4) 	86(10) 34(8) 	67(10) 12(7) 	11(7) 	-7(6) 
C(I') 	58(12) 57(16) 58(14) -3(12) 1(9) 8(10) 
86(15) 22(11) 	77(16) -22(11) 7(11) 	-13(10) 
38(10) 59(15) 74(15) -21(13) 42(10) -3(10) 
54(11) 71(17) 	32(11) 	-21(11) -7(9) 	-1(10) 
C(S) 	66(13) 26(11) 76(16) -3(10) 8(10) 	-5(9) 
C(6') 	54(11) 20(10) 73(14) -17(10) -5(9) 	-2(8) 
54(11) 30(10) 52(11) 	15(8) 	10(9) 	3(8) 
49(11) 29(11) 65(13) -1(9) 17(9) 	-9(8) 
57(12) 20(10) 90(15) -15(9) 12(10) 6(8) 
54(12) 29(11) 	122(19) -21(11) 12(12) -17(9) 
68(13) 42(12) 	77(14) 30(10) 11(10) -1(10)  
Ull 	U22 	U33 	U23 	U13 	U12 
C(12') 69(13) 4(8) 60(13) 	18(8) 	9(9) 5(8) 
C(13') 83(14) 	1(9) 	130(2) -10(11) 25(13) 6(9) 
C(14') 28(10) 63(14) 	85(16) 3(11) 	-6(10) -21(9) 
C(15') 74(15) 	27(11) 	110(19) -1(11) 	8(13) 	6(10) 
C(16') 50(11) 	32(11) 	72(15) 	4(11) -6(11) 	1(9) 
C(17') 56(13) 34(12) 81(16) -8(12) -9(12) 4(9) 
C(18') 82(15) 37(14) 95(17) -36(12) -8(12) 2(11) 
C(19') 60(12) 90(18) 45(12) 46(11) -3(9) 	7(11) 
C(21') 39(10) 66(17) 	50(12) 	12(11) 0(9) -11(10) 
C(20') 64(13) 32(12) 83(15) 	10(10) 5(11) 	-7(9) 
73(14) 	16(10) 97(16) -6(11) -9(12) 0(9) 
150(3) 90(2) 	93(19) -16(17) 20(18) 50(19) 
N(l') 	59(10) 29(10) 74(13) -10(8) 22(9) 	-10(7) 
N(2) 	66(11) 34(9) 	95(12) -9(9) 	7(9) -8(8) 
0(1) 	102(12) 28(9) 87(11) 	10(7) 	7(8) 	-16(7) 
0(2) 	64(8) 	40(9) 	100(11) -8(7) 	11(8) 	-3(6) 
0(3) 	77(9) 41(9) 87(10) -19(8) 15(7) 	-7(7) 
0(4) 	83(10) 45(9) 	88(11) 	18(8) 	-6(8) 	12(7) 
C(10) 87(13) 39(10) 	105(14) 4(11) 	21(12) -5(11) 
C(20) 92(13) 32(10) 	111(13) 4(10) 	-8(13) -19(11) 
N(20) 107(16) 65(14) 62(13) -5(10) 17(12) -14(13) 
0(20) 110(14) 65(12) 81(12) 38(10) -10(11) -26(11) 
C(2P) 90(2) 50(2) 90(2) 0(2) 0(2) -20(2) 
C(IP) 92(14) 47(12) 	115(15) 1(13) 	3(13) 	-10(12) 
0(10) 104(12) 71(10) 	129(13) 11(10) 5(11) 	2(10) 
0(30) 83(11) 	54(9) 131(13) -2(9) 	-13(10) -18(9) 
N(20') 44(11) 68(13) 69(13) 8(11) 	-13(10) 13(10) 
0(20') 74(12) 62(12) 	100(13) 29(10) 4(10) 	15(9) 
C(20') 66(11) 	60(11) 	111(13) 16(11) -10(11) 17(11) 
C(10') 58(11) 47(10) 	105(12) 12(10) 8(10) 	13(10) 
C(1 P') 68(13) 67(13) 	115(14) 16(13) 4(13) 7(13) 
0(10') 88(11) 97(12) 	125(13) 33(11) -32(10) -22(10) 
0(30') 73(10) 79(11) 	129(13) 13(10) 20(10) 9(9) 
C(IE) 140(2) 58(14) 67(15) -6(12) 11(14) -14(14) 
0(2E) 105(11) 50(10) 	148(15) 22(10) 14(10) -2(8) 
C(2E) 160(2) 43(13) 	140(2) 27(15) -17(19) -22(15) 
C(IE') 250(3) 75(18) 98(19) 	14(16) -60(2) 40(2) 
0(2E') 180(2) 	120(18) 180(2) 23(17) 5(17) 	-10(16) 
C(2E) 190(2) 63(16) 	180(2) 33(18) -30(2) -15(17) 
0(1W) 210(3) 48(18) 220(3) 10(2) 	-30(3) 10(2) 
Table 6-40: Atomic co-ordinates [x 10] and equivalent isotropic displacement parameters [A2 x103 
for 14 
x y z U(eq) x y z U(eq) 
N(1) 1593(5) 1202(3) 2663(1) 37(1) C(17) 1690(7) -635(4) 4256(2) 57(1) 
N(2) 902(5) 2216(3) 4241(1) 49(1) C(18) 2344(8) -1496(4) 3928(2) 60(1) 
0(1) 2372(6) 427(3) 1957(1) 60(1) C(19) 3091(6) -653(4) 3178(2) 46(1) 
0(2) 1868(4) -1300(2) 3439(1) 53(1) C(20) 2465(7) .704(4) 2652(2) 50(1) 
0(3) 2483(4) 4411(2) 1624(1) 49(1) C(21) 2154(6) 349(3) 2392(2) 44(1) 
0(4) 2742(5) 5601(2) 2381(1) 55(1) C(22) 2374(7) 3764(4) 1202(2) 54(1) 
C(1) 1804(5) 2317(3) 2538(2) 38(1) C(23) 2902(10) 6262(4) 2795(2) 72(2) 
C(2) 2032(6) 2757(3) 2080(2) 39(1) 0(2E) 519(7) 710(4) 6317(2) 91(2) 
C(3) 2283(6) 3871(3) 2048(2) 41(1) C(2E) 699(10) 267(5) 5861(2) 76(2) 
C(4) 2365(6) 4518(3) 2463(2) 42(1) C(IE) 251(9) -843(3) 5857(3) 119(3) 
C(5) 2070(6) 4066(3) 2912(2) 42(1) C(3') -3646(6) 437(3) 5075(2) 74(2) 
C(6) 1772(5) 2957(3) 2941(2) 38(1) C(1') .4964(6) -1364(3) 5235(2) 137(4) 
C(7) 1241(6) 2282(3) 3376(2) 38(l) C(2') -4396(16) -290(6) 5450(2) 67(3) 
C(8) 1527(6) 1105(3) 3194(2) 37(1) 0(3A) -2439(12) 51(8) 4814(3) 90(3) 
C(9) 2208(6) 2547(4) 3847(2) 44(1) 0(3B') -3774(16) 1453(4) 5031(3) 81(3) 
C(10) .849(6) 1995(4) 4002(2) 49(1) 0(2') 4570(17) 178(10) 5823(3) 120(5) 
C(I 1) -694(6) 2484(4) 3515(2) 44(1) C(2") -3415(13) .772(5) 5024(5) 124(6) 
 3970(6) 1968(4) 3916(2) 52(1) 0(2") .2310(2) -1412(11) 4923(5) 157(6) 
 3685(6) 750(4) 3873(2) 47(1) 0(3B") 4752(13) 715(11) 5390(4) 116(4) 
 3228(6) 527(3) 3344(2) 42(1) 0(3A") -2680(3) 780(2) 4753(7) 215(10) 
 1550(8) 1267(4) 4541(2) 58(1) 0(1W) 4800(3) -779(19) 6264(9) 113(7) 
 2272(6) 403(4) 4229(2) 50(1) 
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Table 6-41: Bond lengths [A] and angles [0]  for the oxalate in 11 
0(10)-C(I0) 	1.192(10) 	C(10)-C(10)#1 	1.539(18) 	0(I0)-C(l0)-C(10)#1 	117.7(9) 
0(20)-C( 10) 1.238(11) 0(10)-C(10)-0(20) 	122.5(9) 0(20)-C(10)-C(10)41 	119.8(8) 
Symmetry transformations used to generate equivalent atoms: #1: -x+ I ,y,-z+ 1/2 
Table 6-42: Bond lengths [A] and angles [0]  for the pyruvate in 14 
0(2E)-C(2E) 1.389(7) 0(2E)-C(2E)-C(IE) 111.4(6) 0(3B')-C(3)-C(2") 168.7(7) 
C(2E)-C(IE) 1.406(8) 0(3A)-C(3')-0(3B) 68.4(12) 0(3B')-C(3)-C(2) 114.2(7) 
C(3)-0(3A) 1.232(5) 0(3A)-C(3)-0(3B') 143.8(14) 0(3A)-C(3)-C(2') 59.3(5) 
C(3)-0(3B) 1.259(5) 0(3B')-C(3)-0(3B) 75.4(8) C(2)-C(3')-C(2) 61.0(5) 
C(3)-0(3B') 1.260(5) 0(3A")-C(3)-0(3A) 44.1(11) C(2')-C(l )-C(2') 60.5(5) 
C(3')-0(3A') 1.261(5) 0(3W)-C(3')-0(3A) 111.9(7) 0(2)-C(2)-C(3) 111.2(7) 
C(3')-C(2') 1.488(5) 0(3B')-C(3)-0(3A) 170.2(9) 0(2)-C(2)-C(1) 137.1(7) 
C(3')-C(2) 1.504(5) 0(3A)-C(3)-C(2') 160.9(13) C(3)-C(2)-C(1 ) 110.9(3) 
C(1 )-C(2') 1.501(5) 0(3B)-C(3')-C(2) 129.5(6) 0(2)-C(2)-C(1 ) 108.9(10) 
C(1 )-C(2) 1.512(5) 0(3B')-C(3')-C(2') 54.6(8) 0(2)-C(2")-C(3) 139.7(10) 
C(2)-0(2) 1.195(5) 0(3A')-C(3')-C(2) 117.0(7) C(I)-C(2)-C(3) 110.6(4) 
C(2)-0(2") 1.184(5) 0(3A')-C(3')-C(2') 101.8(13) 
Table 6-43: Anisotropic di ;placeni ent par ameters [A2 x iO] in 14. 






U12 	 U!! 	U22 	U33 	U23 	U13 	U12 
38(2) 	35(2) 	39(2) 
	-1(2) 
	
0(2) 1(2) C(16) 44(3) 	57(3) 	47(2) 17(2) 	-7(2) 	2(2) 
50(2) 	60(2) 	38(2) 
	-3(2) 
	
3(2) 	-6(2) 	C(17) 46(3) 	66(3) 	58(3) 	29(3) 	4(2) 	.1(3) 
0(1) 	85(3) 	48(2) 	49(2) -9(1) 13(2) 2(2) C(18) 52(3) 	53(3) 	73(3) 25(3) 	3(3) 0(3) 






4(2) 	C(19) 35(2) 	36(2) 	68(3) 	8(2) 5(2) 	6(2) 
0(3) 	48(2) 	53(2) 	45(2) 11(1) 
	
1(1) 4(2) C(20) 46(3) 	39(2) 	65(3) 	4(2) 	7(2) 4(2) 
0(4) 62(2) 	35(2) 	67(2) 
	
7(2) -4(2) 	-2(2) 	C(21) 45(3) 	35(2) 	51(3) -6(2) 	4(2) 	4(2) 
33(2) 	34(2) 	46(2) 
	-2(2) 
	
2(2) 2(2) C(22) 48(3) 	71(3) 	45(2) 	16(2) 	2(2) 2(3) 




2(2) 	C(23) 	102(5) 35(2) 	80(4) 	0(2) -13(3) -4(3) 
32(2) 	45(2) 	45(2) 
	
7(2) 1(2) 2(2) 0(2E) 107(4) 86(3) 	79(3) 	2(2) 	-15(3) 36(3) 




2(2) 	C(2E) 76(4) 	86(4) 	67(4) 	-3(3) 	-2(3) 	11(4) 
42(2) 	39(2) 	44(2) 
	-3(2) 	-2(2) 	-1(2) C(IE) 171(10) 89(5) 	96(6) -11(4) -43(6) 5(6) 
30(2) 	3 8(2) 	46(2) -2(2) 
	-6(2) 3(2) 	C(3) 	86(4) 	79(5) 	57(3) 	.30(3) -22(3) 32(4) 
37(2) 	37(2) 	39(2) 
	-1(2) 2(2) 
	
0(2) C(1') 183(11) 85(5) 	143(8) 23(5) 	-53(7) 37(7) 
35(2) 	35(2) 	42(2) 0(2) 
	
2(2) 	-1(2) 	C(2) 	64(6) 	88(8) 	50(6) 	-10(6) 2(5) 	-15(6) 
46(3) 	44(2) 	41(2) 
	
0(2) 1(2) -5(2) 0(3A') 105(7) 112(7) 54(5) 	20(5) 	31(5) 	-47(7) 





1(2) 	0(3W) 144(9) 60(5) 	38(4) 	-5(3) 	-5(5) 18(5) 
C(1 1) 42(2) 	43(2) 	46(2) 
	-7(2) 
	
2(2) 2(2) 0(2) 	122(9) 181(11) 58(6) 	-37(7) 40(6) 	-77(8) 
42(3) 	59(3) 	54(3) 1(2) 
	-6(2) 	-6(2) 	C(2) 	155(15) 135(13) 82(9) 3(10) 	-38(10) 17(13) 
34(2) 	53(3) 	52(3) 
	
9(2) -7(2) 	-2(2) 0(2) 	184(15) 151(12) 135(10) 6(9) 32(11) 92(12) 
33(2) 	38(2) 	55(3) 10(2) 
	
3(2) 0(2) 	0(313) 104(8) 135(9) 110(9) -76(8) 33(7) 	-48(8) 
61(3) 	70(3) 	43(3) 
	
16(2) 	-5(2) 	-10(3) 	0(3A) 220(2) 240(2) 186(16) 131(17) 25(15) -72(19) 
Table 6-44: Atomic co-ordinates [x lO] and equivalent isotropic displacement parameters [A2 x103 ] 
for 16 
x y z U(eq) x y z U(eq) 
C(1) 4392(3) 3585(3) -341(3) 28(1) C(20) 7401(4) 3813(3) -309(3) 36(1) 
C(2) 3865(4) 3540(3) -1202(3) 33(1) C(21) 6319(4) 3627(3) -763(3) 34(1) 
C(3) 2764(4) 3656(3) -1217(3) 32(1) C(22) 2740(5) 3530(5) -2872(3) 52(1) 
C(4) 2176(3) 3810(3) -394(3) 30(1) C(23) 477(4) 4032(4) 347(4) 45(1) 
C(5) 2707(4) 3842(3) 457(3) 29(1) N(1) 5491(3) 3484(3) -141(2) 30(1) 
C(6) 3811(3) 3735(3) 478(3) 29(1) N(2) 4736(3) 3976(2) 2970(2) 31(1) 
C(7) 4537(4) 3664(3) 1309(3) 28(1) 0(1) 6192(3) 3580(3) -1604(2) 48(1) 
C(8) 5679(3) 3696(3) 866(3) 27(1) 0(2) 8100(3) 4026(3) 1194(2) 45(1) 
C(9) 4341(4) 4447(3) 2067(3) 29(1) 0(3) 2155(3) 3631(3) -2019(2) 40(1) 
C(10) 4966(4) 2911(3) 2776(3) 34(1) 0(4) 1078(2) 3884(2) -495(2) 37(1) 
C(1 1) 4385(4) 2703(3) 1869(3) 29(1) 0(1 U) 3758(6) 1828(5) 5203(5) 134(3) 
 4904(4) 5428(3) 1904(3) 35(1) 0(2U) 4453(7) 3270(5) 5378(4) 114(2) 
 6115(4) 5239(3) 1813(3) 37(1) 0(3U) 8119(3) 1173(3) 5910(3) 59(1) 
 6272(3) 4690(3) 887(3) 31(1) 0(4U) 7019(3) 1109(4) 7128(3) 65(1) 
 5678(4) 4487(4) 3395(3) 38(I) C(IU) 4476(7) 2377(7) 5520(5) 79(2) 
 6516(4) 4694(4) 2670(3) 39(1) C(2U) 5317(6) 1962(7) 6153(5) 90(3) 
 7536(4) 4425(4) 2765(4) 47(1) C(3U) 6309(5) 1686(6) 5683(4) 68(2) 
 8354(4) 4597(5) 2014(4) 54(1) C(4U) 7195(4) 1308(4) 6303(4) 48(l) 
 7413(4) 4512(3) 545(3) 36(1) 
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Table 6-45: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A2 x103 ] 
for 15 
x y z U(eq) x y z U(eq) 
C(1) 1670(2) 504(5) 2750(12) 64(5) C(20) 	2690(2) 5327(6) 15188(12) 71(5) 
C(2) 1530(2) 945(5) 3261(11) 60(4) C(21) 	2210(2) 5119(6) 14128(12) 65(4) 
C(3) 1600(2) 961(6) 4380(13) 70(5) C(22') 	1500(3) 4056(6) 10617(15) 89(6) 
C(4) 1870(2) 549(6) 4950(14) 73(5) C(23) 	2470(3) 5661(6) 8365(14) 94(7) 
C(5) 1950(2) 112(5) 4476(13) 72(5) N(1) 1810(18) 5427(4) 13353(8) 56(3) 
C(6) 1840(2) 101(5) 3359(13) 62(4) N(2') 	2230(2) 6991(5) 12558(11) 80(5) 
C(7) 1720(2) -325(5) 2611(11) 60(4) 0(I) 2160(2) 4697(4) 14011(9) 98(5) 
C(8) 1940(2) -99(5) 1485(12) 62(4) 0(2) 	2795(18) 6086(4) 15879(9) 81(4) 
C(9) 2970(2) -709(5) 2886(14) 66(5) 0(3) 1697(17) 4484(4) 10057(8) 74(3) 
C(10) 390(2) -1049(6) 2213(13) 71(5) 0(4) 	2192(17) 5239(4) 8992(8) 76(4) 
C(1 1) 50(3) -579(6) 2701(11) 70(5) 0(12M) 8750(2) 1928(5) -9(9) 90(4) 
 4750(2) -663(7) 2424(14) 77(5) C(1 1M) 8470(3) 2347(7) -90(14) 84(4) 
 4520(3) -610(6) 1184(14) 89(6) 0(11 M) 8350(6) 2600(18) -960(5) 79(8) 
 3720(2) -140(6) 1017(13) 73(5) 0(31M) 7770(6) 2534(19) -870(5) 82(8) 
 3190(3) -1394(6) 1603(14) 84(6) C(12M) 8060(6) 2615(11) 880(2) 69(6) 
 3640(3) -1030(6) 794(15) 89(6) C(13M) 7960(5) 2349(13) 1860(2) 69(6) 
 3110(3) -1073(6) -217(17) 92(6) 0(13M) 8510(3) 1934(8) 1872(16) 62(5) 
 3440(3) -706(6) -1042(14) 91(7) 0(14M) 7230(3) 2511(9) 2658(16) 77(6) 
 3480(3) 39(6) -151(13) 74(5) C(32M) 9530(6) 2626(13) 850(3) 84(7) 
 2580(3) 491(6) -170(13) 87(7) C(33M) 	10250(7) 2385(15) 1760(3) 99(7) 
 2050(3) 720(6) 885(12) 79(6) 0(34M) 9820(5) 1941(10) 1880(2) 94(7) 
 1360(3) 1788(6) 4359(15) 84(6) 0(33M) 	10980(5) 2607(11) 2520(2) 118(8) 
 2370(3) 174(7) 6673(13) 92(7) C(22M) 9180(3) 3186(8) 4144(15) 102(5) 
 1640(2) 394(4) 1646(9) 69(4) C(21M) 	10060(5) 3434(13) 3130(3) 74(6) 
 2240(2) -1155(4) 2484(10) 69(4) 0(21M) 	10810(3) 3231(8) 2452(15) 69(6) 
0(1) 2000(2) 1133(4) 999(9) 98(5) 0(22M) 9890(4) 3868(13) 3120(2) 81(7) 
0(2) 2599(17) -273(4) -836(9) 81(4) C(41M) 8210(6) 3490(16) 3090(3) 91(7) 
0(3) 1510(17) 1357(4) 4951(8) 77(4) 0(41M) 7400(5) 3327(12) 2340(2) 121(9) 
0(4) 2037(15) 603(4) 6032(7) 66(3) 0(42M) 8890(4) 3908(13) 3100(2) 85(7) 
 1810(2) 5327(5) 12231(12) 58(4) C(23M) 8610(3) 3494(6) 5039(13) 76(4) 
 1700(2) 4904(5) 11755(12) 63(4) 0(24M) 8740(2) 3905(5) 4938(10) 96(4) 
 1810(2) 4885(6) 10624(13) 65(4) 0(23M) 8091(18) 3274(4) 5861(10) 85(4) 
 2030(2) 5298(6) 10033(13) 66(5) C(2FA) 	3430(3) 3715(7) 5228(17) 104(6) 
 2095(19) 5726(6) 10564(13) 60(4) 0(2FA) 	3050(4) 3517(8) 6099(18) 88(7) 
C(6') 1940(2) 5728(6) 11649(12) 63(4) C(3FA) 	3960(4) 2959(9) 4550(2) 134(7) 
C(7) 1806(19) 6164(6) 12399(11) 51(4) 0(3FA) 	3270(5) 2785(12) 5510(3) 139(10) 
C(8') 2100(2) 5925(5) 13529(12) 59(4) N(IFA) 	3800(3) 3424(6) 4426(14) 115(5) 
C(9) 3090(2) 6542(6) 12157(15) 78(5) C(IFA) 	4050(5) 3664(10) 3380(2) 155(9) 
C(10') 390(2) 6865(6) 12832(12) 68(5) C(IFB) 	4550(10) 2148(19) 11620(4) 146(13) 
C(1 1) 100(2) 6402(6) 12313(12) 63(4) C(IFC) 	2930(9) 2253(16) 11630(3) 130(10) 
 4880(2) 6499(6) 12651(13) 75(5) N(IFB) 	3750(14) 2410(4) 10510(8) 135(8) 
 4680(3) 6447(7) 13857(14) 82(5) N(IFC) 	3370(15) 2400(4) 10600(8) 134(8) 
 3880(2) 5971(6) 14033(12) 63(4) C(2FB) 	3510(5) 2862(8) 10380(2) 150(8) 
 3230(3) 7225(7) 13467(17) 107(9) 0(2FB) 	3000(6) 3032(10) 9480(2) 139(10) 
 3750(3) 6855(6) 14275(15) 89(7) C(3FB) 	3440(4) 2093(8) 9741(18) 134(7) 
 3240(4) 6905(7) 15304(18) 108(8) 0(3FB) 	2990(6) 2287(12) 8930(3) 147(10) 
C(18') 3630(4) 6527(7) 16107(16) 107(8) 0(1W) 	3030(6) 2666(13) 7330(2) 156(11) 
C(19) 3700(3) 5787(7) 15173(13) 83(6) 0(2W) 	2970(6) 3179(13) 7660(3) 162(12) 
Table 6-46: Bond lengths [A] and angles [0]  for the succinate in 16 
0(IU)-C(IU) 1.250(11) C(2U)-C(3U) 1.455(9) C(3U)-C(2U)-C(IU) 	114.1(6) 
0(2U)-C(IU) 1.233(9) C(3U)-C(4U) 1.506(8) C(2U)-C(3U)-C(4U) 	115.7(5) 
0(3U)-C(4U) 1.293(7) 0(2U)-C(1U)-0(IU) 120.9(8) 0(4U)-C(4U)-0(3U) 	123.0(5) 
0(4U)-C(4U) 1.232(6) 0(2U)-C(IU)-C(2U) 119.2(9) 0(4U)-C(4U)-C(3U) 	120.8(5) 
C(IU)-C(2U) 1.496(9) 0(IU)-C(IU)-C(2U) 119.6(8) 0(3U)-C(4U)-C(31J) 	116.2(5) 
Table 6-47: Bond lengths [A] and angles [0]  for the succinate in 16 
C(1M)-0(1MA) 1.243(7) C(4M)-0(4MA) 1.211(8) C(3M)-C(2M)-C(IM) 130.8(6) 
C( 1 M)-0(1 MB) 1.271(7) C(4M)-0(4MB) 1.313(8) C(2M)-C(3M)-C(4M) 132.1(6) 
C(1 M)-C(2M) 1.500(8) 0(1 MA)-C(1 M)-0( 1MB) 124.6(6) 0(4MA)-C(4M)-0(4MB) 121.0(6) 
C(2M)-C(3M) 1.323(8) 0(1MA)-C(IM)-C(2M) 115.4(5) 0(4MA)-C(4M)-C(3M) 119.8(6) 
C(3M)-C(4M) 1.491(9) 0(IMB)-C(IM)-C(2M) 119.9(5) 0(4MB)-C(4M)-C(3M) 119.1(5) 
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Table 6-48: Anisotropic displacement parameters [A2 x 10] in 16 
Ull U22 U33 U23 U13 U12 UI! U22 U33 U23 U13 U12 
C(1) 27(2) 27(2) 29(2) -1(2) 1(2) 3(2) C(20) 28(2) 41(2) 37(2) .1(2) 1(2) -1(2) 
C(2) 35(2) 35(2) 29(2) -3(2) 1(2) -2(2) C(21) 3 1(2) 32(2) 39(2) -1(2) 5(2) -2(2) 
C(3) 30(2) 35(2) 30(2) 0(2) 4(2) 0(2) C(22) 49(3) 74(4) 32(2) -3(2) -6(2) 8(3) 
C(4) 23(2) 34(2) 31(2) -1(2) 5(2) 5(2) C(23) 29(2) 59(3) 47(3) -2(2) 5(2) 5(2) 
C(S) 28(2) 26(2) 31(2) 4(2) 6(2) 1(2) N(1) 23(2) 34(2) 32(2) 1(2) 2(2) 3(2) 
C(6) 28(2) 28(2) 29(2) 2(2) 0(2) -1(2) N(2) 33(2) 28(2) 30(2) -3(2) 0(2) 1(2) 
 29(2) 26(2) 30(2) 1(2) 2(2) 1(2) 0(1) 43(2) 71(2) 31(2) -3(2) 4(2) 4(2) 
 27(2) 25(2) 30(2) -3(2) -1(2) -1(2) 0(2) 32(2) 59(2) 43(2) .14(2) 0(2) 7(2) 
 30(2) 24(2) 32(2) -1(2) 1(2) 2(2) 0(3) 35(2) 58(2) 28(1) -3(I) -3(1) 2(2) 
 45(3) 27(2) 31(2) 1(2) 0(2) 5(2) 0(4) 24(2) 48(2) 40(2) -3(2) -1(1) 2(2) 
 31(2) 26(2) 31(2) 1(2) 3(2) -2(2) 0(1 U) 154(7) 117(5) 129(5) -21(4) -71(5) 35(5) 
 37(2) 24(2) 43(2) -3(2) 6(2) 4(2) 0(2U) 173(7) 93(4) 75(4) 13(3) -50(4) 12(4) 
 35(2) 30(2) 44(3) -9(2) 6(2) -7(2) 0(3U) 45(2) 77(3) 54(2) 15(2) -7(2) -8(2) 
 25(2) 27(2) 41(2) 0(2) 1(2) -5(2) 0(4U) 62(3) 88(3) 46(2) 9(2) -3(2) 15(3) 
 33(2) 46(2) 34(2) -11(2) -3(2) -5(2) C(1U) 95(6) 98(6) 45(3) -13(4) -5(4) 48(5) 
 40(3) 39(2) 38(2) -13(2) 0(2) 4(2) C(2U) 74(5) 137(7) 59(4) 16(4) -5(4) 53(5) 
 39(3) 58(3) 44(3) .19(2) 0(2) -2(3) C(3U) 53(4) 96(5) 55(3) 11(3) -15(3) 10(4) 
 3 1(3) 83(4) 48(3) -22(3) -2(2) -7(3) C(4U) 40(3) 59(3) 45(3) 4(3) -6(2) -2(3) 
 26(2) 37(2) 45(2) -2(2) 4(2) 4(2) 
Table 6-49: Anisotroj )iC displacement parameters k2   ioj m16. 
UI! 	U22 
	
U33 U23 	U13 	U12 
	
UI! 	U22 	U33 	U23 	U13 	U12 
112(15) 45(9) 35(8) 3(7) 1(8) .14(9) C(20) 	98(14) 67(11) 47(9) 24(8) -23(9) -6(10) 
94(12) 40(9) 
	
46(9) -1(7) 	4(8) 	-10(8) 
	
C(21) 	98(13) 55(11) 42(9) 	10(8) 	5(8) 	8(9) 
111(14) 39(9) 61(11) 4(8) 7(9) -2(9) C(22') 150(2) 47(11) 67(12) -8(9) -2(11) -2(11) 
96(14) 58(11) 66(11) 15(9) 	16(9) 	-11(9) 
	
C(23) 	180(2) 55(11) 53(11) 20(9) 	27(12) 23(12) 
C(S) 	126(16) 40(9) 
	
51(10) 6(8) 22(9) -3(9) N(1') 104(10) 35(7) 	27(6) 	12(5) 0(6) 	1(6) 
86(12) 40(8) 63(10) -2(7) 	20(8) 	-18(8) 
	
N(2) 	124(14) 46(8) 68(9) -6(7) 	-38(9) -7(8) 
102(14) 36(8) 
	
41(8) 0(7) 11(8) -6(8) 0(1') 206(16) 46(8) 	43(7) 	10(6) 4(8) 	11(8) 
93(13) 47(10) 47(9) 8(7) 	3(8) 	.8(8) 
	
0(2) 	139(11) 53(7) 52(7) 4(6) 	-22(7) -9(7) 
87(13) 46(10) 65(11) 2(8) 7(9) .7(8) 0(3') 133(11) 43(6) 	47(6) 	1(5) 16(6) 	22(6) 
100(15) 52(10) 61(10) -5(8) 	27(9) 	-25(9) 
	
0(4') 	130(10) 63(8) 36(6) 3(5) 	8(6) 27(7) 
131(16) 48(9) 
	
32(8) 9(7) 11(8) -14(10) 0(12M) 147(12) 65(8) 	56(7) -5(6) -10(7) 12(8) 
89(14) 66(12) 77(12) 7(9) 	7(10) 	21(10) 
	
C(1 IM) 145(12) 54(8) 53(8) -8(7) 	4(8) 	4(9) 
141(18) 59(11) 69(12) -3(9) 55(12) -2(12) 0(11 M) 140(2) 50(14) 46(12) -2(11) 3(16) 	-7(15) 
101(14) 59(11) 60(10) -8(9) 	8(9) 	0(10) 
	
0(31M) 150(2) 53(14) 43(12) 2(11) 	3(17) -8(16) 
143(18) 50(10) 62(11) -2(8) 51(11) -13(10) 
	
C(12M) 120(15) 52(11) 34(10) -33(9) -14(12) -13(12) 
160(2) 45(10) 63(12) 4(9) 	25(12) 9(11) C(13M) 108(14) 63(12) 35(10) -15(10) 3(11) 	-8(12) 
150(2) 45(11) 84(14) -10(10) 4(12) 	1(11) 
	
0(13M) 98(14) 52(10) 36(9) -8(8) 	-8(11) 8(12) 
160(2) 54(12) 65(12) -30(9) 21(12) -11(12) 0(14M) 104(15) 83(14) 45(11) -14(10) 18(10) -10(12) 
99(14) 63(12) 61(10) -11(9) 	19(9) 	-20(10) C(32M) 145(15) 62(12) 45(11) -13(11) -7(13) -1(14) 
170(2) 50(11) 45(10) 13(8) 21(11) 40(12) C(33M) 161(17) 79(13) 57(12) -12(12) -9(13) 7(14) 
152(18) 53(12) 32(8) 9(8) 	6(9) 	-22(11) 0(34M) 150(17) 67(11) 66(11) 0(10) 	-14(14) 4(16) 
140(19) 35(9) 
	
79(13) 9(9) 10(11) .9(10) 
	
0(33M) 190(2) 97(16) 66(14) .33(13) 4(15) 11(17) 
170(2) 64(12) 43(10) 19(9) 	.6(10) -14(12) C(22M) 166(14) 78(11) 62(9) 1(9) 	16(10) 1(11) 
140(13) 41(8) 
	
27(6) -9(5) 2(7) 	-11(7) 
	
C(21M) 109(13) 73(11) 40(9) 5(10) 11(10) -11(12) 
111(13) 43(8) 53(8) 4(6) 	30(7) -1(8) 0(21M) 92(14) 73(12) 42(10) -28(10) 12(9) 	-3(11) 
0(I) 	187(15) 50(8) 
	
57(8) 	10(6) 13(8) 	-34(8) 
	
0(22M) 104(17) 84(12) 57(11) 10(10) 11(14) -3(17) 
0(2) 116(10) 69(8) 59(7) -3(6) 	6(6) -21(7) C(41M) 135(17) 85(14) 53(12) -2(12) -10(13) 4(15) 
0(3) 	133(11) 50(7) 
	
49(6) 	1(5) 5(6) 	-18(6) 
	
0(41M) 180(2) 107(18) 79(15) -5(15) -34(15) 5(18) 
0(4) 105(9) 59(7) 35(6) 6(5) 	5(5) .5(6) 0(42M) 123(17) 80(12) 51(9) 17(10) 4(14) -9(16) 
74(11) 42(9) 
	
58(9) -1(8) -12(8) 9(8) 
	
C(23M) 128(11) 48(8) 	52(8) -17(7) 25(8) 	-2(8) 
99(13) 44(9) 48(9) 5(7) 	2(8) 	16(8) 0(24M) 160(12) 59(8) 70(8) -10(6) 31(7) -1(8) 
74(12) 58(11) 65(10) -9(9) 9(8) 21(9) 
	
0(23M) 128(10) 62(8) 	66(7) -15(6) 18(7) 	-15(7) 
97(13) 43(9) 
	
57(10) 16(8) 	4(9) 	20(9) C(2FA) 179(16) 57(10) 75(10) -11(9) -12(11) 8(11) 
C(S) 	56(10) 60(11) 66(11) 23(9) -7(7) 9(8) 
	
0(2FA) 176(19) 37(11) 51(12) 11(9) 	-10(13) 13(12) 
84(12) 59(10) 45(9) 7(8) 	-18(8) -8(9) C(3FA) 227(19) 91(13) 82(12) -7(11) -34(13) 28(14) 
46(9) 	64(10) 43(8) 9(7) -10(6) 0(7) 
	
0(3FA) 230(2) 106(18) 83(16) -8(15) 42(18) 18(18) 
83(12) 44(9) 
	
48(9) 13(7) 	1(7) 	10(8) N(IFA) 208(14) 66(9) 	70(9) 0(8) 	-28(9) 29(10) 
104(15) 60(12) 69(11) 15(9) -18(10) -21(10) C(IFA) 270(2) 105(16) 91(14) 23(13) 1(16) 	37(16) 
95(14) 63(11) 45(9) -3(8) 	-10(8) 8(9) 
	
C(IFB) 280(3) 90(2) 	62(18) -6(18) 50(2) 0(3) 
C(II') 	83(12) 65(10) 42(8) 	15(8) -8(7) 	9(9) C(IFC) 270(3) 64(14) 54(13) 0(12) 	49(18) -14(18) 
93(14) 62(11) 69(11) 18(9) 	-18(9) -15(10) N(IFB) 280(2) 60(11) 62(12) 4(11) 48(15) -19(15) 
102(15) 77(13) 66(11) -3(10) -27(10) -2(11) 
	
N(IFC) 280(2) 59(11) 64(12) -6(11) 48(15) -21(15) 
70(11) 59(10) 61(10) 20(8) 	-20(8) -10(8) C(2FB) 300(2) 73(11) 77(11) -8(10) 49(14) -27(14) 
170(2) 55(12) 94(15) 3(11) -72(15) -20(12) 0(2FB) 290(3) 68(15) 66(14) 0(12) 	66(17) -25(17) 
146(19) 51(11) 68(13) 13(9) 	-41(12) -33(11) 
	
C(3FB) 270(2) 67(11) 64(10) -7(9) 47(13) -17(13) 
200(3) 51(12) 75(14) 10(11) -42(14) 2(13) 0(3FB) 280(3) 81(17) 85(17) -5(14) 45(19) -8(18) 
190(2) 63(13) 69(13) -13(10) .37(14) -15(14) 0(1W) 300(4) 89(14) 76(14) 5(12) 	30(18) 10(2) 
129(16) 75(13) 44(9) 6(9) 	-29(10) -8(12) 
	
0(2W) 3 10(4) 94(14) 82(14) 2(12) 24(19) 10(2) 
226 
Table 6-50: Bond lengths [A] and angles [O]  for the malonate and DMF in 17 
0(12M)-C(1 1M) 1.22(2) N(1FB)-C(2FB) 1.31(11) 0(21M)-C(21M)-0(22M) 	122(3) 
C( I 1 M)-0(3 I M) 1.24(6) N( 1 FB)-C(3FB) 1.35(11) 0(21 M)-C(2 I M)-C(22M) 	125(3) 
C(1 IM)-0(1 1M) 1.31(6) N(1FC)-C(2FB) 1.35(11) 0(22M)-C(2IM)-C(22M) 	113(3) 
C(l IM)-C(12M) 1.49(3) N(1FC)-C(3FB) 1.40(10) 0(41M)-C(41M)-0(42M) 	124(4) 
C(l IM)-C(32M) 1.65(4) C(2FB)-0(2FB) 1.29(4) 0(41M)-C(41M)-C(22M) 	128(4) 
C( I 2M)-C( I 3M) 1.46(5) C(3FB)-0(3FB) 1.22(4) 0(42M)-C(4 I M)-C(22M) 	106(3) 
C( 1 3M)-0(14M) 1.25(4) 0(1 2M)-C( 11 M)-0(3 I M) 124(3) 0(24M)-C(23M)-0(23M) 	126.9(15) 
C(13M)-0(13M) 1.27(4) 0(12M)-C(1 IM)-0(I IM) 128(3) 0(24M)-C(23M)-C(22M) 	118.2(17) 
C(32M)-C(33M) 1.44(5) 0(31M)-C(1 IM)-0(1 IM) 23(3) 0(23M)-C(23M)-C(22M) 	114.8(16) 
C(33M)-0(33M) 1.28(5) 0(12M)-C(1 IM)-C(12M) 119(2) 0(2FA)-C(2FA)-N(IFA) 116(2) 
C(33M)-0(34M) 1.33(5) 0(31M)-C(1 IM)-C(12M) 109(3) N(IFA)-C(3FA)-0(3FA) 	114(3) 
C(22M)-C(23M) 1.51(2) 0(11 M)-C(I 1M)-C(12M) 113(3) C(2FA)-N(IFA)-C(3FA) 123(2) 
C(22M)-C(21M) 1.63(4) 0(12M)-C(1 IM)-C(32M) 109(2) C(2FA)-N(IFA)-C(IFA) 	114.1(19) 
C(22M)-C(4 I M) 1.75(5) 0(31 M)-C( II M)-C(32M) 125(3) C(3FA)-N( 1 FA)-C( I FA) 123(2) 
C(21M)-0(21M) 1.20(4) 0(11 M)-C(I 1M)-C(32M) 111(3) C(2FB)-N(IFB)-C(3FB) 	124(9) 
C(2 1 M)-0(22M) 1.25(5) C( 12M)-C( II M)-C(32M) 43.1(19) C(2FB)-N(1 FB)-C( I FB) 126(8) 
C(41M)-0(41M) 1.23(5) C(13M)-C(12M)-C(1 1M) 116(3) C(3FB)-N(IFB)-C(IFB) 	110(7) 
C(41 M)-0(42M) 1.31(5) 0( 14M)-C( 1 3M)-0( 1 3M) 120(3) C(2FB)-N(1 FC)-C(3FB) 118(7) 
C(23M)-0(24M) 1.19(2) 0( 14M)-C( 1 3M)-C( I 2M) 121(3) C(2FB)-N( 1 FC)-C( I FC) 	120(7) 
C(23M)-0(23M) 1.28(2) 0(1 3M)-C( I 3M)-C(1 2M) 118(3) C(3FB)-N( I FC)-C( I FC) 122(7) 
C(2FA)-0(2FA) 1.28(3) C(33M)-C(32M)-C(1 IM) 122(3) 0(2FB)-C(2FB)-N(IFB) 	121(6) 
C(2FA)-N( I FA) 1.35(3) 0(33M)-C(33M)-0(34M) 120(4) 0(2FB)-C(2FB)-N( I FC) 121(6) 
C(3FA)-N( I FA) 1.35(3) 0(33M)-C(33M)-C(32M) 121(4) N( 1 FB)-C(2FB)-N( 1 FC) 	14(8) 
C(3FA)-0(3FA) 1.42(4) 0(34M)-C(33M)-C(32M) 117(4) 0(3FB)-C(3FB)-N(IFB) 110(5) 
N(1FA)-C(1FA) 1.50(3) C(23M).C(22M)-C(21M) 118(2) 0(3FB)-C(3FB)-N(IFC) 	110(5) 
C( I FB)-N( 1 FB) 1.71(13) C(23M)-C(22M)-C(4 1 M) 98(2) N( I FB)-C(3FB)-N( I FC) 13(8) 
C( 1 FC)-N( 1 FC) 1.43(9) C(2 1 M)-C(22M)-C(4 1 M) 51(2) 
Table 6-51: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A2 x103 ] 
for 17 
x y 	z U(eq) 	 C(19) 2946(6) -1042(4) 	-713(4) 	24(1) 
C(I) 	3703(6) 983(3) 	2143(4) 21(1) C(20) 3511(7) -14(4) -992(4) 27(1) 
5065(6) 1645(4) 2745(5) 24(1) 	 C(21) 4055(6) 703(3) 	84(4) 	22(1) 
5335(7) 1892(4) 	3983(5) 26(1) C(22) 8002(11) 2781(8) 4220(7) 77(3) 
4239(7) 1494(4) 4600(5) 29(1) 	 C(23) 3588(9) 1428(5) 	6467(5) 	42(1) 
2888(6) 840(3) 	3971(5) 24(1) N(1) 3161(5) 627(3) 886(4) 21(1) 
2667(6) 580(3) 2746(4) 21(1) 	 N(2) -925(5) -1358(3) 	1774(4) 	23(1) 
1240(6) -78(3) 	1874(4) 21(1) 0(1) 5234(5) 1325(3) 196(3) 32(1) 
1820(5) .158(3) 712(4) 20(1) 	 0(2) 1252(5) -1207(3) 	-1752(3) 	29(1) 
1056(6) -1064(3) 	2470(4) 21(1) 0(3) 6615(5) 2529(3) 4687(4) 41(1) 
-1895(6) -523(4) 969(5) 27(1) 	 0(4) 4668(5) 1796(3) 	5816(3) 	34(1) 
C(1 1) 	-702(6) 340(4) 	1492(5) 23(1) C(1 M) 	7902(7) -712(4) 4377(5) 33(1) 
C(12) 2321(6) -1849(4) 	2381(5) 24(1) 	 0(1 MB) 9125(6) -71(4) 	4599(4) 	47(1) 
C(13) 	2061(6) -2003(3) 	988(5) 23(1) 0(1 MA) 7455(6) -1273(4) 	3461(4) 48(1) 
C(14) 2795(6) -1088(3) 	581(4) 21(1) 	 C(2M) 	6916(8) -845(4) 5269(5) 	35(1) 
C(15) 	-1101(7) -2271(4) 1021(5) 28(1) C(3M) 7121(8) 412(4) 	6350(5) 36(1) 
C(16) 66(7) -2190(4) 	254(5) 26(1) 	 C(4M) 8361(8) 371(5) 7066(6) 	41(1) 
C(17) 	-630(7) -2255(4) 	-1004(5) 28(1) 0(4MA) 8342(7) 625(4) 	8081(4) 55(1) 
C(18) 529(8) -2157(4) 	-1795(5) 34(1) 	 0(4MB) 9451(6) 779(3) 6578(4) 	46(1) 
x y 	z U(eq) 
Table 6-52: Anisotropic displacement parameters [A2 x iO] in 17 
Ull 	U22 U33 	U23 	U13 U12 Ull 	U22 U33 	U23 	U13 	U12 
24(2) 	17(2) 14(2) 	-1(2) 	-3(2) 5(2) 	 C(20) 31(2) 	27(2) 19(2) 	0(2) 	3(2) 	-3(2) 
28(2) 23(2) 19(2) 	2(2) 	5(2) 0(2) C(21) 25(2) 	16(2) 17(2) 	3(2) 	-2(2) 	.1(2) 
27(2) 22(2) 22(2) 	-3(2) 	0(2) -1(2) 	 C(22) 66(5) 	121(8) 50(4) 	-50(5) 29(4) 	-75(6) 
34(2) 24(2) 19(2) 	-3(2) 	-3(2) 0(2) C(23) 58(4) 49(4) 22(3) 	-5(2) 	18(3) 	-12(3) 
C(S) 	24(2) 	19(2) 22(2) 	1(2) 	0(2) -3(2) 	 N(1) 24(2) 	15(2) 15(2) 	-1(2) 	-2(1) 	-2(2) 
23(2) 	14(2) 17(2) 	-2(2) 	-3(2) 3(2) N(2) 22(2) 20(2) 22(2) 	-1(2) 	2(2) 	-6(2) 
21(2) 	11(2) 21(2) 	0(2) 	-3(2) 0(2) 	 0(1) 34(2) 30(2) 28(2) 	-3(2) 	7(2) 	-12(2) 
15(2) 	19(2) 17(2) 	1(2) 	-2(2) -3(2) 0(2) 34(2) 22(2) 19(2) 	-6(1) 	4(1) 	-5(2) 
18(2) 22(2) 17(2) 	-2(2) 	-2(2) -5(2) 	 0(3) 39(2) 	55(3) 27(2) 	-19(2) 	11(2) 	-28(2) 
C(I0) 	21(2) 22(2) 29(2) 	3(2) 	-2(2) 1(2) 0(4) 39(2) 	40(2) 18(2) 	-9(2) 	4(2) 	-14(2) 
C(II) 21(2) 	24(2) 20(2) 	-3(2) 	2(2) -1(2) 	 C(IM) 33(3) 	29(3) 31(3) 	4(2) 	6(2) 	5(2) 
C(I2) 	22(2) 22(2) 23(2) 	8(2) 	-1(2) 1(2) 0(1MB) 44(2) 	51(3) 46(3) 	-2(2) 	17(2) 	-14(2) 
25(2) 	17(2) 23(2) 	0(2) 	4(2) 4(2) 	 0(1 MA) 51(2) 	56(3) 42(2) 	-15(2) 22(2) 	-13(2) 
16(2) 	18(2) 21(2) 	-1(2) 	-2(2) 1(2) C(2M) 33(3) 	33(3) 35(3) 	-5(2) 	6(2) 	-3(2) 
29(2) 	18(2) 29(3) 	2(2) 	2(2) -5(2) 	 C(3M) 37(3) 	39(3) 30(3) 	5(2) 	10(2) 	5(2) 
30(2) 	16(2) 25(2) 	-3(2) 	2(2) -1(2) C(4M) 44(3) 	33(3) 30(3) 	3(2) 	4(2) 	18(3) 
33(2) 	20(2) 22(2) 	-3(2) 	1(2) -2(2) 	 0(4MA) 65(3) 	51(3) 32(2) 	-9(2) 	-3(2) 	20(2) 
C(18) 	45(3) 	21(2) 28(3) 	-9(2) 	3(2) .8(2) 0(4MB) 46(2) 	36(2) 42(2) 	-3(2) 	-2(2) 	4(2) 
C(19) 24(2) 	21(2) 18(2) 	-3(2) 	-2(2) 1(2) 
227 
Table 6-53: Atomic co-ordinates [x 10] and equivalent isotropic displacement parameters [A 2 x103 
for 18 
x 	y z U(eq) x 	y z U(eq) 
C(1) 3320(2) 	-437(2) 4736(2) 25(I) C(21) 3717(2) 	1526(3) 4967(2) 27(1) 
C(2) 3942(2) 	-917(3) 5504(2) 27(1) C(22) 5140(2) 	.1971(3) 6969(2) 40(1) 
C(3) 4048(2) 	-2034(3) 5502(2) 28(1) C(23) 3414(3) 	4369(3) 3985(2) 49(1) 
C(4) 3563(2) 	-2662(3) 4736(2) 29(1) N(1) 3141(2) 	691(2) 4569(2) 26(1) 
C(5) 2917(2) 	-2167(2) 4005(2) 27(1) N(2) 973(2) -178(2) 1836(2) 31(1) 
C(6) 2798(2) 	-1046(3) 4012(2) 26(l) 0(1) 4301(2) 	1447(2) 5730(1) 38(1) 
C(7) 2108(2) 	-331(3) 3342(2) 26(I) 0(2) 2557(2) 	3235(2) 3078(1) 37(1) 
C(8) 2505(2) 	827(2) 3624(2) 24(1) 0(3) 4616(1) 	-2609(2) 6208(1) 35(1) 
C(9) 1980(2) 	-600(3) 2323(2) 28(1) 0(4) 3763(2) 	-3745(2) 4797(2) 37(1) 
C(10) 473(2) 117(3) 2562(2) 33(1) 0(1 F) 5089(2) 	2940(2) 1184(2) 43(1) 
C(1 1) 1053(2) 	450(3) 3413(2) 29(1) 0(2F) 3971(2) 	4154(2) 624(2) 56(1) 
C(12) 2729(2) 	-112(3) 1900(2) 31(1) 0(3F) 2402(2) 	566(3) 423(2) 71(1) 
C(13) 2744(2) 	1118(3) 2037(2) 29(1) 0(4F) 1226(3) 	1771(4) -1067(3) 136(2) 
C(14) 3141(2) 	1325(3) 3067(2) 26(1) C(IF) 4267(2) 	3200(3) 705(2) 36(1) 
C(15) 980(2) 742(3) 1181(2) 36(1) C(3F) 2720(3) 	2454(4) -212(3) 64(l) 
C(16) 1736(2) 	1560(3) 1620(2) 31(1) C(2F) 3634(2) 	2297(4) 235(2) 44(1) 
C(17) 1529(2) 	2619(3) 1637(2) 38(1) C(4F) 2051(3) 	1555(5) -633(3) 77(2) 
C(18) 2266(3) 	3441(3) 2112(2) 43(I) 0(1W) 5373(6) 	938(9) 2292(7) 100(3) 
C(19) 3351(2) 	2505(3) 3382(2) 30(1) 0(1W') 5957(7) 	1268(9) 2419(6) 95(3) 
C(20) 3581(2) 	2580(2) 4440(2) 30(1) 0(2W) -296(6) 	4566(8) 876(6) 115(3) 
Table 6-54: Anisotropic displacement parameters [A2 x 103 ] in 18 
Ull 	U22 	U33 U23 U13 U12 Ull 	U22 	U33 U23 U13 U12 
C(1) 29(1) 	22(2) 	23(l) 2(1) 6(1) -1(1) C(21) 27(1) 	28(2) 	25(1) -2(1) 4(1) -1(1) 
C(2) 26(1) 	29(2) 	23(1) 3(1) 1(1) -3(1) C(22) 35(2) 	44(2) 	34(2) 7(2) -3(1) -5(2) 
C(3) 24(1) 	30(2) 	29(2) 7(1) 5(1) -1(1) C(23) 77(3) 	25(2) 	44(2) -2(2) 15(2) 3(2) 
C(4) 31(1) 	23(2) 	34(2) 5(1) 10(1) 2(1) N(l) 31(1) 	23(1) 	22(1) 1(1) 3(1) -2(1) 
C(S) 31(l) 	25(2) 	25(1) -1(1) 8(I) -3(1) N(2) 30(1) 	32(1) 	26(1) -5(1) 0(1) 2(1) 
 27(1) 	27(2) 	24(1) 0(1) 7(1) 0(1) 0(1) 44(1) 	35(1) 	29(l) 0(1) -3(1) -6(1) 
 26(1) 	25(2) 	25(1) -1(I) 4(1) 1(1) 0(2) 45(1) 	31(1) 	32(l) 2(1) 6(1) 4(1) 
 28(1) 	25(2) 	19(1) 0(1) 4(1) 2(1) 0(3) 35(1) 	33(1) 	31(1) 10(1) -2(1) -2(1) 
 29(1) 	28(2) 	23(1) -5(1) 1(1) 5(1) 0(4) 46(1) 	23(1) 	40(1) 4(1) 9(1) 0(1) 
 28(1) 	41(2) 	30(2) -7(1) 5(1) 4(1) 0(1 F) 33(1) 	43(1) 	44(1) -6(1) -5(1) -1(1) 
 27(1) 	31(2) 	29(1) -5(1) 6(1) -3(1) 0(2F) 44(1) 	49(2) 	75(2) 12(2) 14(1) 6(1) 
 35(2) 	33(2) 	22(1) 1(1) 5(1) 9(1) 0(3F) 55(2) 	100(3) 	51(2) 4(2) 3(1) -38(2) 
 32(2) 	34(2) 	23(1) 1(1) 9(1) 3(1) 0(4F) 76(2) 	160(5) 	121(3) 94(3) -64(2) -65(3) 
 25(1) 	28(2) 	26(1) 3(1) 6(1) 1(1) C(1F) 33(2) 	42(2) 	33(2) 5(2) 8(1) -4(2) 
 39(2) 	40(2) 	24(1) 3(2) 1(1) 7(2) C(3F) 43(2) 	84(3) 	51(2) 33(2) -9(2) -26(2) 
 35(2) 	36(2) 	22(1) 4(1) 6(1) 7(1) C(2F) 38(2) 	58(2) 	32(2) 5(2) 7(1) -12(2) 
 41(2) 	37(2) 	31(2) 6(1) 2(1) 11(2) C(4F) 55(2) 	111(5) 	48(2) 41(3) -18(2) 45(3) 
 57(2) 	32(2) 	36(2) 12(2) 6(2) 4(2) 0(1W) 119(8) 	91(7) 	72(5) -6(5) -10(6) 4(7) 
 31(I) 	27(2) 	32(2) 4(1) 7(1) -1(1) 0(1W') 116(7) 	102(9) 	55(4) 14(5) 1(5) 45(7) 
 33(2) 	22(2) 	33(2) -1(1) 7(1) 4(1) 0(2W) 115(6) 	105(7) 	132(7) 37(6) 46(6) 46(6) 
Table 6-55: Atomic co-ordinates [x 104  ] and equivalent isotropic displacement parameters [A 2 x103 
for 19. 
x y z U(eq) x y z U(eq) 
C(1) 2606(1) -509(6) 2723(3) 27(I) C(20) 2952(1) 1491(7) 1(4) 35(I) 
C(2) 2173(1) 400(6) 2666(4) 31(I) C(21) 2626(I) 780(6) 645(3) 32(1) 
C(3) 2061(1) -645(6) 3813(4) 31(l) C(22) 1306(1) -372(10) 2732(4) 55(2) 
C(4) 2379(l) -978(6) 4962(4) 33(1) C(23) 2540(1) -649(8) 7223(3) 40(1) 
C(5) 2806(1) -1154(7) 4982(4) 36(1) N(1) 2801(1) -162(5) 1723(3) 29(1) 
C(6) 2918(1) -918(6) 3832(4) 31(1) N(2) 4136(1) -1317(5) 4495(3) 33(1) 
C(7) 3358(l) -1099(6) 3594(4) 31(1) 0(1) 2237(1) 1021(5) 198(3) 42(I) 
C(8) 3281(I) -164(6) 2269(4) 27(1) 0(2) 3693(1) 1763(5) 315(3) 45(1) 
C(9) 3739(1) -364(7) 4647(4) 34(1) 0(3) 1646(1) -530(5) 3901(2) 38(J) 
C(10) 3979(1) .2783(6) 3554(4) 37(1) 0(4) 2235(1) -1105(5) 6046(2) 42(1) 
C(I 1) 3499(I) -2974(6) 3493(4) 36(l) 0(IG) 543(1) 4284(5) 2411(3) 53(1) 
 3802(I) 1559(7) 4600(4) 39(1) 0(20) 379(1) 2096(5) 3465(3) 58(1) 
 3860(1) 2051(6) 3286(4) 35(1) C(1G) 369(1) 2866(7) 2428(4) 41(1) 
 3425(1) 1722(6) 2286(4) 31(1) C(2G) 155(2) 1920(9) 1199(4) 71(2) 
 4454(1) -181(6) 4115(4) 34(1) C(3G) 0 3001(11) 0 48(2) 
 4230(1) 1022(6) 3049(4) 35(1) 0(1W) 1306(1) 4315(7) 1638(4) 79(1) 
 4352(I) 1201(7) 1985(4) 42(1) 0(2W) 244(l) 7497(5) 1354(3) 61(1) 
 4125(1) 2416(9) 933(4) 53(2) 0(3W) 1337(1) 1816(6) -304(3) 64(1) 
 3363(1) 2295(7) 883(4) 37(1) 0(4W) 166(2) -1248(6) 3906(4) 92(2) 
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Table 6-56: Bond lengths [A] and angles [0]  for the glutamate in 19 
0(1G)-C(1G) 1.232(6) C(3G)-C(2G)#1 1.505(7) C(IG)-C(2G)-C(3G) 	116.7(5) 
0(2G)-C(1G) 1.262(5) 0(IG)-C(IG)-0(2G) 	122.3(4) C(2G)#1-C(3G)-C(2G) 	112.5(7) 
C( I G)-C(2G) 1.504(7) 0(1 G)-C( I G)-C(20) 121.2(5) 
C(2G)-C(3G) 1.505(7) 0(2G)-C(IG)-C(2G) 	116.4(5) 
Table 6-57: Anisotropic displacement parameters [A2 x 103 ] in 19 
WI 1J22 	U33 U23 U13 	U12 Ull 	U22 U33 U23 	U13 	U12 
C(1) 29(2) 26(2) 	29(2) -1(2) 11(2) 	-4(2) C(20) 	33(2) 	42(3) 31(2) 8(2) 12(2) 	2(2) 
C(2) 26(2) 34(2) 	34(2) 4(2) 10(2) 	-2(2) C(21) 	33(2) 	35(3) 27(2) 1(2) 	9(2) 	1(2) 
C(3) 26(2) 33(2) 	37(2) 4(2) 14(2) 	-3(2) C(22) 	27(2) 	90(4) 47(2) 12(3) 	10(2) 	-2(3) 
C(4) 34(2) 37(3) 	30(2) 2(2) 12(2) 	-8(2) C(23) 	41(2) 	53(3) 29(2) 4(2) 	14(2) 	-3(3) 
C(5) 34(2) 42(3) 	3 1(2) 4(2) 10(2) 	-3(2) N(1) 26(2) 	36(2) 27(2) -6(2) 	9(1) 	-5(2) 
C(6) 26(2) 38(3) 	33(2) 4(2) 13(2) 	1(2) N(2) 	24(2) 	38(2) 35(2) -2(2) 	6(1) 	4(2) 
C(7) 27(2) 36(3) 	33(2) 3(2) 12(2) 	1(2) 0(1) 26(1) 	59(2) 39(2) 8(2) 7(1) 	0(2) 
C(8) 24(2) 28(2) 	31(2) -1(2) 11(2) 	0(2) 0(2) 	32(l) 	60(2) 48(2) 4(2) 	21(1) 	2(2) 
C(9) 28(2) 45(3) 	28(2) 0(2) 9(2) 	6(2) 0(3) 26(1) 	53(2) 38(1) 3(2) 13(1) 	-2(2) 
C(10) 37(2) 33(3) 	39(2) -2(2) 9(2) 	4(2) 0(4) 	35(1) 	63(2) 31(1) 1(2) 	14(1) 	-11(2) 
C(11) 31(2) 38(3) 	38(2) 1(2) 9(2) 	1(2) 0(1 G) 	67(2) 	46(2) 48(2) -1(2) 	17(2) 	-12(2) 
C(12) 29(2) 42(3) 	46(2) -12(2) 11(2) 	2(2) 0(20) 	79(2) 	57(3) 35(2) -1(2) 	9(2) 	-21(2) 
C(13) 33(2) 27(2) 	47(2) -1(2) 14(2) 	1(2) C(1G) 	40(2) 	39(3) 41(3) 0(2) 7(2) 	1(2) 
C(14) 28(2) 27(2) 	39(2) -1(2) 13(2) 	4(2) C(2G) 	113(5) 	46(4) 39(3) 2(3) 	-2(3) 	-2(4) 
C(15) 24(2) 38(3) 	40(2) 4(2) 10(2) 	1(2) C(3G) 	53(4) 	47(4) 44(4) 0 15(3) 0 
C(16) 26(2) 37(3) 	43(2) 3(2) 11(2) 	4(2) 0(1W) 	58(2) 	83(3) 103(3) 16(3) 	37(2) 	13(2) 
C(17) 28(2) 47(3) 	53(3) 3(3) 14(2) 	4(2) 0(2W) 	73(2) 	46(2) 74(2) -6(2) 	37(2) 	-5(2) 
C(18) 32(2) 78(4) 	51(3) 12(3) 16(2) 	-5(3) 0(3W) 	56(2) 	70(3) 67(2) 4(2) 19(2) 	5(2) 
C(19) 34(2) 32(3) 	48(2) 7(2) 19(2) 	6(2) 0(4W) 	138(4) 	57(3) 99(3) -20(3) 	64(3) 	-22(3) 
Table 6-58: Atomic co-ordinates [x 10] and equivalent isotropic displacement parameters [A2 x103] 
for 20 
x y z U(eq) x y z 	U(eq) 
C(1) 399(6) 3212(3) 4268(1) 33(1) C(23) 	1678(12) 4946(4) 2765(2) 	100(3) 
C(2) 732(6) 2531(3) 3925(1) 41(1) N(1) -10(5) 3082(2) 4757(1) 	32(1) 
C(3) 1141(7) 2819(3) 3472(1) 44(1) N(2) 	-145(5) 6312(2) 4911(1) 	40(1) 
C(4) 1225(9) 3783(3) 3356(2) 54(1) 0(1) 716(4) 1550(2) 4843(1) 	42(1) 
C(5) 860(8) 4441(3) 3701(1) 50(1) 0(2) 	60(5) 3733(2) 6086(1) 	46(1) 
C(6) 448(6) 4151(2) 4156(1) 36(1) 0(3) 1502(6) 2217(2) 3103(1) 	59(1) 
C(7) -89(6) 4737(3) 4580(1) 34(1) 0(4) 	1637(7) 3980(2) 2892(1) 	76(1) 
C(8) -38(6) 4020(2) 4995(1) 32(1) 0(1D) 	5920(5) 2191(3) 1665(1) 	65(1) 
C(9) 1032(6) 5612(3) 4656(2) 39(1) 0(2D) 	-2083(5) 2349(2) 936(1) 55(1) 
C(10) -1967(7) 5917(3) 4906(2) 42(1) 0(3D) 	309(5) 2869(2) 599(1) 	53(I) 
C(11) -1919(6) 5167(3) 4522(1) 41(1) 0(4D) 	3991(6) 1602(3) 1171(1) 	92(2) 
C(12) 2693(6) 5456(3) 4935(2) 45(1) C(ID) 	-778(7) 2859(3) 938(2) 45(1) 
C(13) 2234(6) 5041(3) 5417(1) 41(1) C(2D) 	415(8) 3499(3) 1359(2) 	60(2) 
C(14) 1568(6) 4033(3) 5316(1) 36(1) C(3D) 	1264(8) 3218(3) 1608(2) 	62(2) 
C(15) 449(7) 6543(3) 5411(2) 47(1) C(4D) 	1272(8) 2226(4) 1800(2) 	61(2) 
C(16) 903(7) 5651(3) 5667(2) 42(1) C(5D) 	3094(8) 1943(5) 1968(2) 	69(2) 
C(17) 230(7) 5438(3) 6086(1) 46(1) C(6D) 	4361(8) 1884(4) 1560(2) 	56(1) 
C(18) 667(8) 4541(3) 6341(2) 56(1) C(3F) 1534(16) 1063(5) 7504(2) 	142(5) 
C(19) 1230(7) 3382(3) 5731(1) 43(1) N(1F) 	1470(11) 1501(5) 7084(2) 	125(3) 
C(20) 358(7) 2473(3) 5553(1) 44(1) C(IF) 	1184(14) 922(7) 6667(2) 	140(4) 
C(21) 400(6) 2313(3) 5019(1) 35(1) C(2F) 1522(15) 2426(8) 7024(3) 	162(4) 
C(22) 1348(9) 1234(3) 3198(2) 59(2) 0(1 F) 	1446(13) 250(4) 7522(2) 	187(4) 
Table 6-59: Bond lengths [A] and angles [0]  for the adipate in 19 
0(1 D)-C(6D) 1.308(7) C(3F)-O(1 F) 1.163(9) C(3D)-C(4D)-C(5D) 	111.1(5) 
0(2D)-C(1D) 1.239(6) C(3F)-N(IF) 1.336(8) C(6D)-C(5D)-C(4D) 	111.8(4) 
0(3D)-C(ID) 1.265(6) N( I F)-C(2F) 1.332(11) 0(4D)-C(6D)-0(1 D) 	122.2(5) 
0(4D)-C(6D) 1.200(5) N(IF)-C(IF) 1.448(9) 0(4D)-C(6D)-C(5D) 	124.0(5) 
C(ID)-C(2D) 1.519(6) 0(2D)-C(ID)-0(3D) 	122.5(4) 0(1 D)-C(6D)-C(5D) 	113.8(4) 
C(2D)-C(3D) 1.521(8) 0(2D)-C(ID)-C(2D) 	120.3(5) 0(1 F)-C(3F)-N(I F) 120.2(7) 
C(3D)-C(4D) 1.514(7) 0(3D)-C(ID)-C(2D) 	117.2(5) C(2F)-N(1 F)-C(3F) 	125.0(8) 
C(4D)-C(5D) 1.530(8) C(ID)-C(2D)-C(3D) 	110.8(4) C(2F)-N(IF)-C(IF) 117.9(8) 
C(5D)-C(6D) 1.503(7) C(4D)-C(3D)-C(2D) 	114.4(5) C(3F)-N(IF)-C(IF) 	116.8(7) 
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Table 6-60: Atomic co-ordinates [x 10] and equivalent isotropic displacement parameters [A2 x103 ] 
for 21 
x y z U(eq) x y z U(eq) 
C(1) 2256(6) 527(3) 1065(5) 27(2) C(1') 3191(7) 5612(3) 5825(5) 31(2) 
C(2) 1790(7) 975(3) 1073(5) 28(2) C(2) 3641(7) 5171(3) 5738(6) 34(2) 
C(3) 697(7) 1012(3) 1180(5) 30(2)  4741(7) 5124(3) 5839(5) 34(2) 
 41(7) 608(3) 1267(6) 34(2) C(4) 5427(8) 5528(3) 6043(5) 35(2) 
C(5) 510(7) 162(3) 1251(5) 30(2) C(5) 4964(7) 5969(4) 6097(6) 36(2) 
C(6) 1628(7) 125(3) 1122(5) 30(2) C(6) 3835(7) 6011(3) 5990(6) 35(2) 
C(7) 2282(7) -315(3) 995(5) 30(2) C(7') 3117(7) 6449(3) 5883(6) 32(2) 
C(8) 3476(7) -117(3) 1120(5) 29(2) C(8") 1965(7) 6261(3) 5952(5) 30(2) 
C(9) 2069(7) -733(3) 1589(5) 29(2) C(9") 3462(8) 6847(3) 6558(6) 35(2) 
C(10) 2510(8) -1023(3) 194(6) 43(2) C(10") 2741(8) 7185(4) 5156(6) 46(3) 
C(1 1) 1995(7) -530(3) 100(6) 34(2) C(l 1") 3222(7) 6705(3) 5030(6) 33(2) 
C(12) 2709(7) -728(3) 2456(6) 34(2) C(12") 3008(7) 6821(4) 7395(6) 41(2) 
C(13) 3923(7) -700(3) 2341(6) 39(2) C(13") 1734(7) 6795(3) 7236(6) 39(2) 
C(14) 4128(7) -207(3) 1971(5) 29(2) C(14") 1465(7) 6305(3) 6819(5) 29(2) 
C(15) 3319(8) -1441(3) 1522(6) 41(2) C(15") 2189(8) 7556(4) 6477(7) 48(3) 
C(16) 4221(9) -1104(3) 1793(6) 45(2) C(16") 1307(9) 7211(4) 6688(6) 44(2) 
C(17) 5211(8) -1165(4) 1537(7) 48(3) C(17') 287(8) 7259(4) 6373(6) 45(2) 
C(18) 6146(8) -814(4) 1747(7) 51(3) C(18") -611(9) 6905(4) 6493(8) 51(3) 
C(19) 5294(7) -54(3) 1891(6) 36(2) C(19") 280(8) 6144(3) 6667(6) 39(2) 
C(20) 5314(7) 436(4) 1463(6) 41(2) C(20") 199(7) 5663(3) 6206(6) 39(2) 
C(21) 4239(7) 689(3) 1243(6) .39(2) C(21") 1226(7) 5433(4) 5961(6) 37(2) 
C(22) 772(8) 1853(3) 1063(7) 46(3) C(22") 4598(8) 4301(3) 5541(7) 46(2) 
C(23) -1676(7) 283(4) 1515(7) 44(2) C(23") 7239(7) 5838(4) 6460(8) 59(3) 
 3359(5) 406(3) 1013(5) 32(2) 0(1") 1332(5) 5000(2) 5915(4) 46(2) 
 2355(6) -1171(3) 1102(5) 36(2) 0(2") -390(5) 6457(2) 6110(4) 43(2) 
0(1) 4169(6) 1117(2) 1241(6) 60(2) 0(3") 5302(5) 4711(2) 5744(4) 38(2) 
0(2) 5897(5) -357(2) 1389(4) 41(2) 0(4") 6544(5) 5437(2) 6169(4) 43(2) 
0(3) 130(5) 1439(2) 1179(4) 36(1)  2050(6) 5738(2) 5794(5) 3 1(2) 
0(4) -1029(5) 689(2) 1406(4) 37(2)  3071(6) 7316(3) 6070(5) 43(2) 
 3021(7) 5401(3) 687(5) 32(2) C(1Z) 1809(6) 784(3) 5905(5) 28(2) 
 3513(6) 4952(3) 676(5) 29(2) C(2Z) 1309(7) 1223(3) 5928(6) 35(2) 
 4647(7) 4941(3) 759(5) 31(2) C(3Z) 231(7) 1247(3) 6037(5) 34(2) 
 5277(7) 5345(3) 858(5) 31(2) C(4Z) 405(7) 826(3) 6105(6) 37(2) 
C(5) 4769(7) 5791(3) 831(6) 34(2) C(5Z) 80(7) 389(3) 6034(6) 35(2) 
 3649(7) 5810(3) 736(5) 31(2) C(6Z) 1188(7) 370(3) 5925(5) 31(2) 
 2911(6) 6234(3) 604(6) 30(2) C(7Z) 1876(7) -56(3) 5795(6) 31(2) 
 1742(7) 6030(3) 736(6) 32(2) C(8Z) 3085(6) 145(3) 5944(5) 26(2) 
 3221(7) 6658(3) 1210(6) 35(2) C(9Z) 1665(7) 487(3) 6370(6) 35(2) 
 2309(8) 6936(3) -186(6) 40(2) C(IOZ) 2221(7) -758(3) 4998(6) 37(2) 
C(1 1') 2909(8) 6467(3) -284(6) 38(2) C(1 IZ) I665(7) -277(3) 4902(6) 36(2) 
 2863(7) 6640(4) 2085(6) 43(2) C(12Z) 2256(7) 466(3) 7276(6) 38(2) 
 1598(7) 6583(3) 2000(6) 38(2) C(13Z) 3495(7) 423(3) 7207(6) 36(2) 
 1352(7) 6086(3) 1619(6) 35(2) C(14Z) 3675(7) 71(3) 6838(5) 32(2) 
 1883(8) 7353(3) 1185(6) 43(2) C(l5Z) 2975(8) -1182(3) 6325(7) 45(2) 
 1092(7) 6991(3) 1477(6) 36(2) C(16Z) 3869(8) -829(3) 6678(6) 40(2) 
 34(9) 7026(4) 1264(7) 47(3) C(l7Z) 4883(8) -875(3) 6511(6) 43(2) 
 -762(9) 6667(4) 1498(8) 55(3) C(I8Z) 5760(8) -522(4) 6775(6) 44(2) 
 169(7) 5913(3) 1556(6) 37(2) C(19Z) 4856(7) 246(3) 6809(6) 36(2) 
 54(7) 5436(3) 1065(6) 38(2) C(20Z) 4864(7) 717(3) 6309(6) 36(2) 
 1089(8) 5209(3) 850(6) 40(2) C(21Z) 3779(7) 962(3) 6077(6) 38(2) 
 4614(8) 4089(3) 747(7) 46(2) C(22Z) 251(9) 2089(3) 6074(8) 51(3) 
 7045(7) 5694(3) 1080(7) 41(2) C(23Z) -2114(7) 483(4) 6347(7) 43(2) 
0(1') 1209(6) 4775(2) 842(5) 55(2) 0(IZ) 3693(5) 1401(2) 6094(5) 53(2) 
0(2') -598(5) 6221(2) 1071(4) 39(2) 0(2Z) 5529(5) -73(2) 6363(4) 39(2) 
0(3') 5232(5) 4517(2) 776(4) 37(2) 0(3Z) -357(5) 1658(2) 6099(4) 44(2) 
0(4') 6395(5) 5281(2) 998(4) 37(2) 0(4Z) -1486(5) 893(2) 6235(4) 41(2) 
 1881(5) 5508(2) 609(4) 29(2) N(IZ) 2918(6) 665(2) 5841(4) 28(2) 
 2744(6) 7097(3) 728(6) 43(2) N(2Z) 2025(6) -921(2) 5886(5) 35(2) 
Table 6-61: Bond lengths [A] and angles [O]  for the pimelate in 18 
0(1 F)-C( IF) 	1.253(4) C(3F)-C(2F) 	1.323(5) C(2F)-C(3F)-C(4F) 123.4(5) 
0(2F)-C( IF) 	1.243(5) C(3F)-C(4F) 	1.493(7) C(3F)-C(2F)-C( IF) 122.2(4) 
0(3F)-C(4F) 	1.322(7) 0(2F)-C(IF)-O(IF) 122.9(3) 0(4F)-C(4F)-0(3F) 125.7(5) 
0(4F)-C(4F) 	1.223(5) 0(2F)-C(IF)-C(2F) 120.4(3) 0(4F)-C(4F)-C(3F) 119.4(6) 
C(IF)-C(2F) 	1.492(5) 0(IF)-C(IF)-C(2F) 116.7(3) 0(3F)-C(4F)-C(3F) 114.6(3) 
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Table 6-62: Anisotropic displacement parameters [A2 x i] in 20 
Ull 	U22 	U33 	U23 	U13 	U12 
	
Ull 	U22 	U33 	1J23 	U13 	U12 
30(3) 35(2) 35(2) 	-4(2) 	1(2) -1(2) C(23) 	190(9) 	62(3) 47(3) 	7(3) 31(4) -6(5) 
39(3) 	33(2) 	50(2) 	-6(2) 	3(2) 	2(2) 
	
N(1) 31(2) 28(2) 	36(2) 	4(1) 	4(2) 	3(2) 
50(3) 45(2) 37(2) 	-13(2) 5(2) 0(3) N(2) 	48(2) 	27(2) 46(2) 	-6(1) 	9(2) -2(2) 
77(4) 	5 1(3) 	36(2) 	1(2) 	9(3) 	-5(3) 
	
0(I) 45(2) 30(1) 	50(2) 	-3(1) 	4(2) 	1(2) 
C(S) 	80(4) 3 1(2) 40(2) 	-5(2) 	6(3) -5(3) 0(2) 	53(2) 	48(2) 38(1) 	-6(I) 	0(2) 1(2) 
41(3) 	31(2) 	37(2) 	-7(2) 	3(2) 	-2(2) 
	
0(3) 84(3) 48(2) 	46(2) 	-16(1) 10(2) 2(2) 
37(3) 30(2) 35(2) 	-3(2) 	3(2) 3(2) 0(4) 	139(4) 	56(2) 34(2) 	-1(2) 	17(2) -6(3) 
33(3) 	27(2) 	35(2) 	-6(2) 	-1(2) 	0(2) 
	
0(1D) 57(3) 87(2) 	52(2) 	-12(2) 5(2) 	-14(2) 
41(3) 32(2) 45(2) 	-6(2) 	5(2) 3(2) 0(2D) 41(2) 	64(2) 60(2) 	-14(2) 7(2) -5(2) 
42(3) 	31(2) 	55(2) 	-2(2) 	3(2) 	2(2) 
	
0(3D) 62(2) 47(2) 	50(2) 	0(1) 	13(2) -7(2) 
47(3) 32(2) 43(2) 	-1(2) 	-6(2) 	6(2) 0(4D) 83(3) 	134(4) 	57(2) 	-34(2) 9(2) 	45(3) 
40(3) 	40(2) 	56(3) 	-12(2) 7(2) -6(2) 
	
C(ID) 48(3) 39(2) 48(2) 	2(2) 	0(3) 6(3) 
34(3) 43(2) 45(2) 	-9(2) 	-6(2) 	-3(2) C(2D) 65(4) 	55(3) 	59(3) 	-9(2) 	11(3) -3(3) 
32(3) 	34(2) 	43(2) 	-8(2) 	0(2) 5(2) 
	
C(3D) 70(4) 66(3) 5 1(3) 	-10(3) 8(3) 	-24(3) 
48(3) 38(2) 55(2) 	-15(2) 4(3) 	-1(2) C(4D) 53(4) 	82(4) 	48(3) 	8(3) 	9(3) -23(3) 
36(3) 	46(2) 	45(2) 	-15(2) -1(2) 	-8(2) 
	
C(5D) 57(4) 104(4) 	45(3) 	13(3) 4(3) 	-15(4) 
49(3) 49(2) 41(2) 	-14(2) -3(2) 	2(3) C(6D) 54(4) 	65(3) 50(3) 	0(2) 	0(3) -20(3) 
61(4) 	67(3) 	39(2) 	-14(2) -8(3) 	5(3) 
	
C(3F) 284(15) 81(4) 	62(3) 	-1(4) 	-22(7) 80(7) 
44(3) 49(2) 38(2) 	-3(2) 	-8(2) 	10(2) N(IF) 151(7) 	109(5) 	116(5) 38(4) 40(5) 63(6) 
50(3) 	39(2) 	41(2) 	3(2) 4(2) 5(2) 
	
C(IF) 138(8) 	223(10) 59(4) 	-28(6) 2(6) 	21(9) 
24(2) 36(2) 45(2) 	-2(2) 	-2(2) 	1(2) C(2F) 	122(9) 	201(11) 164(8) 85(8) 29(8) 29(9) 
76(4) 	46(2) 	56(3) 	-19(2) -2(3) 	6(3) 
	
0(1 F) 286(11) 100(4) 	175(6) 12(4) -7(7) 	76(6) 
Table 6-63: Atomic co-ordinates [x 10] and equivaler it isotropic displacement parameters [A 2 x103 ] for 21 
x 	y 	z 	U(eq) 
	 x 	y 	z 	U(eq) 
C(IP) 9004(9) 	3170(3) 1716(7) 	47(2) 0(4P') 6531(6) 	2708(3) 6755(5) 	61(2) 
0(1P) 8989(7) 2773(3) 1422(6) 79(3) 
	
C(1P') 14824(11) 2514(5) 9542(9) 73(3) 
0(2P) 8098(6) 	3410(2) 1800(5) 	52(2) 0(1 P") 14661(10) 2385(6) 8798(8) 	138(5) 
C(2P) 	10010(10) 3450(5) 1958(9) 74(4) 
	
0(2P') 15734(6) 2654(3) 9849(6) 73(2) 
C(3P) 	11086(9) 3 183(5) 2070(9) 	68(3) C(2P) 13953(11) 2429(7) 10140(11) 106(5) 
C(4P) 	12051(10) 3508(5) 2280(10) 80(4) 
	
C(3P) 12806(11) 2594(6) 9788(14) 117(6) 
C(5P) 	13163(10) 3253(5) 2364(8) 	71(3) C(4P') 12868(13) 3120(7) 9816(14) 120(6) 
C(6P) 	13438(8) 3000(4) 3190(8) 	60(3) 
	
C(5P") 11704(12) 3341(7) 9615(12) 110(5) 
C(7P) 	14606(10) 2823(4) 3304(8) 58(3) C(6P) 11236(11) 3317(8) 8693(11) 123(7) 
0(3P) 	15066(9) 2720(4) 2665(7) 	115(4) 
	
C(7P) 10054(10) 3427(4) 8519(9) 	61(3) 
0(4P) 15037(9) 2747(5) 4020(7) 126(5) 0(3P) 9734(7) 	3548(3) 7789(6) 	77(2) 
C(IP) 70(12) 	3397(4) 4915(10) 76(4) 
	
0(4P') 9464(6) 	3359(3) 9113(5) 59(2) 
0(1P') -771(8) 3195(3) 5122(6) 	83(2) 0(1W) 1652(8) 	4374(3) 4392(6) 	91(3) 
0(2P) 4(6) 	3710(3) 4347(5) 60(2) 
	
0(2W) 6210(7) 	3029(3) 1406(6) 	77(2) 
C(2P') 1268(14) 3230(6) 5239(14) 155(8) 0(3W) 8456(7) 	3022(4) 6659(6) 	91(3) 
C(3P) 1599(13) 3226(7) 6057(15) 154(8) 
	
0(4W) 10085(9) 4435(4) 7070(7) 106(3) 
C(4P) 2614(11) 2943(6) 6352(12) 112(6) 0(5W) 13522(15) 1708(6) 7922(11) 77(4) 
C(5P) 3613(12) 3110(6) 6155(12) 110(6) 
	
0(6W) 3553(15) 1864(6) 2266(11) 80(4) 
C(6P) 4592(10) 2791(6) 6568(9) 	81(4) 0(7W) -3346(17) 6999(7) 5426(13) 98(4) 
C(7P) 5713(10) 2979(5) 6427(7) 	61(3) 
	
0(8W) -636(17) 408(7) 7456(13) 98(4) 
0(3P') 5865(10) 3346(4) 6090(9) 132(5) 
Table 6-64: Bond lengths [A] and angles [O]  for the oxamate in 20 
C( 1 P)-0( I P) 1.209(12) C( 1 P')-0(2P) 1.234(14) 0(2P)-C( I P')-C(2P) 115.4(14) 
C(1 P)-0(2P) 1.318(11) C(1P")-C(2P) 1.511(19) 0(IP)-C(IP')-C(2P) 123.2(12) 
C( I P)-C(2P) 1.481(16) C(2P')-C(3P) 1.53(2) C(3P)-C(2P)-C( 1 P') 120(2) 
C(2P)-C(3P) 1.5 12(15) C(3P)-C(4P) 1.49(2) C(2P)-C(3P)-C(4P') 118(2) 
C(3P)-C(4P) 1.505(17) C(4P')-C(5P') 1.56(2) C(5P)-C(4P')-C(3P') 118.4(17) 
C(4P)-C(5P) 1.535(16) C(5P")-C(6P') 1.50(2) C(4P')-C(5P)-C(6P) 111.7(14) 
C(5P)-C(6P) 1.484(16) C(6P')-C(7P") 1.479(18) C(7P)-C(6P')-C(5P) 113.8(13) 
C(6P)-C(7P) 1.509(14) C(7P)-0(3P) 1.217(14) 0(3P)-C(7P')-0(4P') 122.0(13) 
C(7P)-0(4P) 1.206(14) C(7P)-0(4P') 1.252(13) 0(3P)-C(7P')-C(6P) 124.0(13) 
C(7P)-0(3P) 1.232(14) 0(1P)-C(IP)-0(2P) 122.2(11) 0(4P)-C(7P)-C(6P) 113.9(11) 
C(1 P')-0(2P') 1.248(14) 0(1P)-C(1 P)-C(2P) 124.7(11) 0(1P)-C(1 P)-0(2P) 121.3(14) 
C( I P)-0( I P') 1.249(16) 0(2P)-C( 1 P)-C(2P) 112.9(9) 0(1 P')-C( I P)-C(2P') 119.4(15) 
C( I P')-C(2P) 1.58(2) C( 1 P)-C(2P)-C(3P) 117.3(10) 0(2P')-C( I P)-C(2P) 118.6(13) 
C(2P)-C(3P) 1.30(3) C(4P)-C(3P)-C(2P) 112.3(10) C( I P')-C(2P)-C(3P') 114.3(15) 
C(3P)-C(4P') 1.508(19) C(3P)-C(4P)-C(5P) 113.9(11) C(4P)-C(3P)-C(2P) 104.6(14) 
C(4P)-C(5P') 1.38(2) C(6P)-C(5P)-C(4P) 114.8(11) C(3P")-C(4P)-C(5P) 110.5(14) 
C(5P)-C(6P) 1.583(17) C(5P)-C(6P)-C(7P) 112.8(10) C(6P)-C(5P)-C(4P) 115.2(16) 
C(6P)-C(7P') 1.511(18) 0(4P)-C(7P)-0(3P) 121.2(12) C(7P)-C(6P')-C(5P) 116.0(14) 
C(7P)-0(3P') 1.185(15) 0(4P)-C(7P)-C(6P) 119.1(12) 0(3P')-C(7P')-0(4P') 125.9(12) 
C(7P)-0(4P) 1.320(13) 0(3P)-C(7P)-C(6P) 119.4(11) 0(3P')-C(7P')-C(6P) 116.4(12) 
C( I P)-0( I P') 1.215(15) 0(2P)-C( I P)-0( I P') 120.9(12) 0(4P)-C(7P')-C(6P") 117.5(12) 
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Table 6-65: Anisotropic displacement parameters [A2 x iO] in 21 
Ull U22 U33 U23 U13 U12 Ull U22 	U33 U23 U13 U12 
C(1') 24(5) 39(5) 30(5) 1(4) -1(4) 2(4) C(22Z) 53(7) 27(5) 71(8) 7(5) 8(5) 2(5) 
C(2) 26(5) 32(5) 41(5) -1(4) -11(4) 4(4) C(23Z) 27(5) 47(6) 	55(6) -11(5) -1(4) -8(4) 
C(3") 35(5) 44(5) 24(4) 8(4) 5(4) -2(4) O(IZ) 40(4) 31(4) 86(6) 2(4) 8(4) -3(3) 
C(4) 40(5) 44(6) 20(4) 4(4) 7(4) 2(4) 0(2Z) 31(3) 38(4) 	46(4) 1(3) 0(3) 0(3) 
C(5") 28(5) 44(6) 35(5) 1(4) 8(4) -11(4) 0(3Z) 40(4) 29(3) 62(5) 3(3) 10(3) 6(3) 
C(6) 33(5) 38(5) 35(5) 4(4) 8(4) -10(4) 0(4Z) 34(4) 40(4) 	49(4) -6(3) 4(3) 1(3) 
C(7') 33(5) 29(5) 33(5) 3(4) 6(4) -5(4) N(IZ) 33(4) 19(4) 31(4) -2(3) 7(3) -3(3) 
 32(5) 26(4) 31(5) 4(4) -5(4) 4(4) N(2Z) 41(4) 23(4) 	42(4) 5(3) 7(3) -9(3) 
 36(5) 34(5) 35(5) 0(4) -5(4) -9(4) C(1 P) 63(4) 31(4) 	45(6) 3(4) -1(5) 17(4) 
 42(6) 46(6) 49(6) 21(5) 4(4) -12(5) 0(1 P) 82(6) 45(4) 108(7) -25(4) 6(5) 19(4) 
 34(5) 30(5) 34(5) 7(4) -1(4) -2(4) 0(2P) 54(4) 44(4) 	56(4) -8(3) 5(4) 9(3) 
 39(5) 43(6) 38(5) 2(4) -6(4) -3(4) C(2P) 57(4) 65(7) 97(10) -15(7) -8(7) 12(4) 
 37(5) 41(6) 36(5) -10(4) -3(4) -3(4) C(3P) 59(4) 63(8) 	81(9) -10(7) 2(6) 13(4) 
 32(5) 33(5) 22(4) 2(3) -1(3) -1(4) C(4P) 60(5) 70(8) 104(10) -5(7) -15(7) 9(5) 
 49(6) 38(6) 53(6) -1(5) -10(5) 5(5) C(5P) 61(5) 85(10) 	65(7) -5(6) -6(6) 15(6) 
 60(7) 37(6) 31(5) -10(4) -7(4) -3(5) C(6P) 44(5) 62(8) 72(7) -7(5) 3(4) 6(5) 
 48(6) 37(6) 49(6) -5(5) 1(5) 3(5) C(7P) 55(6) 42(6) 	74(6) -22(5) -11(4) 17(5) 
 49(6) 37(6) 69(7) -1(5) 11(5) 7(5) 0(3P) 101(7) 142(10) 	109(6) 44(7) 48(6) 74(7) 
 39(5) 42(6) 36(5) 3(4) 0(4) -1(4) 0(4P) 111(8) 165(11) 	90(5) -53(7) 43(6) 99(8) 
 28(5) 42(6) 46(6) 0(4) 6(4) 0(4) C(IF) 86(5) 37(6) 96(9) 7(5) -34(6) -15(5) 
 40(5) 40(6) 32(5) 7(4) 1(4) -13(4) 0(1 P') 104(6) 64(6) 	79(6) -2(4) 1(5) -14(5) 
 53(6) 38(6) 47(6) -4(5) 3(5) 4(5) 0(2P') 57(5) 48(4) 71(5) 1(3) -7(4) 15(3) 
 23(5) 75(8) 77(8) -22(7) 2(5) -9(5) C(2P') 101(6) 92(12) 	249(17) 97(13) -97(11) -37(9) 
0(1) 45(4) 31(4) 62(5) -1(3) 8(3) -12(3) C(3 F) 75(5) 116(14) 	247(17) 4(16) -93(10) 18(9) 
0(2) 29(3) 48(4) 50(4) 4(3) 2(3) -5(3) C(4P) 61(4) 126(14) 	138(14) -1(10) 44(8) 26(7) 
0(3) 36(3) 36(4) 43(4) 6(3) 2(3) 7(3) C(5P') 80(4) 82(11) 	158(16) 11(10) -33(9) 20(7) 
0(4) 24(3) 53(4) 50(4) 1(3) 2(3) 1(3) C(6P) 61(4) 108(10) 	72(9) 4(7) -7(6) 29(5) 
 32(4) 24(4) 37(4) -2(3) 7(3) -5(3) C(7P) 76(4) 60(6) 	44(7) -2(5) -11(5) 21(4) 
 39(5) 39(5) 49(5) 7(4) -8(4) -1(4) 0(3P') 121(8) 72(7) 192(13) 49(7) -28(8) 11(6) 
C(1Z) 20(4) 31(5) 31(4) 5(4) 2(3) 4(3) 0(4P') 59(4) 62(5) 	60(5) -1(4) -1(4) 19(4) 
C(2Z) 34(5) 26(5) 44(5) 4(4) 4(4) -3(4) C(IP") 57(5) 83(10) 	78(7) -18(7) 5(5) 16(6) 
C(3Z) 38(5) 38(5) 26(4) 4(4) 1(4) 5(4) 0(IP') 105(8) 223(15) 	86(7) -53(9) 2(6) 19(9) 
C(4Z) 31(5) 35(5) 42(5) 3(4) -4(4) 4(4) 0(2P") 53(4) 84(6) 81(6) 2(5) 7(4) 17(4) 
C(5Z) 28(5) 41(5) 36(5) -3(4) 2(4) -5(4) C(2P") 69(6) 130(12) 	121(10) -8(11) 25(7) -5(7) 
C(6Z) 35(5) 24(4) 34(5) -3(4) 0(4) -1(4) C(3P) 54(6) 107(8) 	194(19) -1(13) 39(9) -18(7) 
C(7Z) 27(5) 30(5) 36(5) 0(4) 3(4) -7(4) C(4P') 80(9) 113(8) 	163(16) 12(13) -12(9) -14(8) 
C(8Z) 25(4) 17(4) 35(5) 0(3) -4(3) 0(3) C(5P") 69(8) 121(12) 	133(11) 19(12) -20(8) -10(8) 
C(9Z) 39(5) 30(5) 37(5) 2(4) 10(4) -9(4) C(6P") 52(6) 210(2) 	108(9) 57(12) 32(6) 0(10) 
C(IOZ) 38(5) 29(5) 46(6) -3(4) 10(4) -6(4) C(7P") 52(5) 55(7) 76(6) 14(6) 13(4) -8(5) 
C(IIZ) 33(5) 37(5) 35(5) -3(4) -6(4) -2(4) 0(3P") 89(6) 72(6) 	70(5) 3(5) 11(4) -1(5) 
C(12Z) 46(6) 30(5) 37(5) 12(4) 4(4) -9(4) 0(4P') 46(4) 46(4) 89(5) 22(4) 21(4) 3(3) 
C(13Z) 28(5) 40(5) 37(5) 4(4) -2(4) 3(4) 0(1W) 105(6) 65(5) 	104(6) -2(5) 25(5) -17(5) 
C(14Z) 34(5) 31(5) 31(5) 0(4) 5(4) -9(4) 0(2W) 77(5) 81(5) 74(5) -13(4) 17(4) -25(4) 
C(15Z) 51(6) 26(5) 60(7) 4(5) 9(5) 0(4) 0(3W) 91(5) 95(6) 	89(6) -8(5) 17(5) -15(5) 
C(1 6Z) 40(6) 26(5) 51(6) 6(4) -5(4) 5(4) 0(4W) 144(6) 83(6) 101(6) 4(5) 50(5) -16(5) 
C(1 7Z) 38(6) 36(5) 51(6) 10(4) -11(5) 14(4) 0(5W) 114(8) 57(7) 	65(7) -1(6) 32(7) -34(7) 
C(1 8Z) 38(6) 46(6) 44(6) 6(5) -5(4) 4(5) 0(6W) 100(7) 62(7) 80(7) -24(6) 24(7) -25(6) 
C(19Z) 36(5) 42(6) 30(5) -2(4) -2(4) -9(4) 0(7W) 116(9) 82(8) 	91(8) -21(7) -7(8) -4(8) 
C(20Z) 34(5) 38(5) 36(5) 2(4) 3(4) 2(4) 0(8W) 119(8) 85(8) 93(8) -8(7) 29(7) -24(7) 
C(21Z) 36(5) 37(6) 40(5) -3(4) 8(4) -9(4) 
Table 6-66: Bond lengths [A] and angles [O]  for the suberate in 22 
C(3S)-C(3S') 1.10(3) C(4S')-C(5S') 1.40(6) 0(2S")-C( I S")-C(6S) 111.1 
C(3S)-C(7S") 1.27(4) C(7S')-C(8S') 1.61(5) C(6S)-C(3S")-C(4S") 119.4(19) 
C(3S)-C(5S") 1.483(18) C(8S')-0(3S') 0.98(5) C(3S")-C(4S")-C(5S") 	126(3) 
C(3S)-C(1 S') 1.56(5) C(8S')-0(4S') 1.49(6) C(4S")-C(5S")-C(3S) 123(2) 
C(6S)-C(3S") 1.328 C(3S')-C(3S)-C(7S") 162(3) C(3S)-C(7S")-C(8S") 130(4) 
C(6S)-C(7S') 1.37(4) C(3S')-C(3S)-C(5S") 64.4(19) 0(3S")-C(8S")-0(4S") 124(4) 
C(6S)-C(1S") 1.6133 C(7S")-C(3S)-C(5S') 123(2) 0(3S")-C(8S")-C(7S') 	136(4) 
C(6S)-C(5S') 1.67(2) C(3S')-C(3S)-C( IS) 135(2) 0(4S")-C(8S")-C(7S') 	98(3) 
0(1 S")-C( I S") 1.146 C(7S")-C(3S)-C( IS') 35.7(17) 0(IS')-C(I S')-0(2S') 141(6) 
0(2S")-C( IS") 1.2126 C(5S")-C(3S)-C( 15') 159(2) 0(1 S')-C( I S)-C(35) 104(5) 
C(3S")-C(4S") 1.39(3) C(3S")-C(6S)-C(7S') 170.2(14) 0(2S')-C( I S')-C(35) 114(3) 
C(4S")-C(5S") 1.48(5) C(3S')-C(6S)-C(IS") 118.7 C(3S)-C(3S')-C(4S') 117(3) 
C(7S")-C(8S") 1.66(5) C(7S)-C(6S)-C( IS") 68.0(12) C(5S')-C(4S')-C(3S') 120(4) 
C(8S")-0(3S") 0.98(3) C(3S")-C(65)-C(5S') 57.3(14) C(4S')-C(5S')-C(6S) 123(3) 
C(8S")-0(4S") 1.19(4) C(7S)-C(6S)-C(5S') 116.0(19) C(6S)-C(7S')-C(8S) 123(3) 
0(1 S')-C( 1 S') 1.22(4) C( I S")-C(6S)-C(5S') 176.0(14) 0(3S')-C(8S')-0(4S') 123(4) 
0(2S')-C(l S') 1.41(6) 0(1 S")-C( I S')-0(2S') 123.1 0(35')-C(8S')-C(7S') 137(5) 
C(3S')-C(4S') 1.53(5) 0(1 S")-C( I S")-C(65) 125.6 0(45')-C(8S')-C(7S') 100(4) 
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Table 6-67: Anisotropic displacement parameters [A2 x iO] in 21 
Ull 	U22 U33 U23 U13 	U12 UI! 	U22 U33 U23 	U13 U12 
C(l) 19(4) 	30(5) 33(5) -3(4) 0(3) 2(3) C(l) 	31(5) 	31(5) 34(5) 4(4) 	4(4) -5(4) 
C(2) 26(5) 	29(5) 30(4) 0(4) 3(3) 	-1(4) C(2) 	25(4) 	23(4) 37(5) -2(4) 	-2(4) -1(3) 
C(3) 34(5) 	27(5) 30(5) 4(4) 7(4) 8(4) 34(5) 	24(4) 34(5) -5(4) 	1(4) -1(4) 
 24(5) 	40(5) 38(5) 10(4) 4(4) 	8(4) C(4) 	32(5) 	31(5) 32(5) 7(4) 10(4) 0(4) 
C(5) 31(5) 	24(4) 36(5) 0(4) 7(4) 0(4) C(5') 	28(5) 	30(5) 41(5) -2(4) 	-5(4) 4(4) 
C(6) 26(5) 	30(5) 33(5) 0(4) 0(4) 	2(4) C(6) 	28(5) 	31(5) 33(5) 0(4) 2(4) 1(4) 
C(7) 27(5) 	26(4) 34(5) -2(4) 1(4) 0(4) C(7') 	22(4) 	26(4) 40(5) 4(4) 	0(3) -2(4) 
C(8) 27(5) 	31(5) 29(4) 2(4) 7(3) 	3(4) C(8) 	29(5) 	25(4) 41(5) 2(4) 	-6(4) 0(4) 
C(9) 34(5) 	23(4) 33(5) -3(4) 15(4) 	-1(4) C(9') 	27(5) 	34(5) 42(5) 2(4) -4(4) 2(4) 
C(10) 37(5) 	47(6) 45(6) -17(5) 1(4) 11(4) C(1 O') 	42(6) 	31(5) 47(6) 2(4) 	3(4) 10(4) 
C(11) 28(5) 	31(5) 41(5) -1(4) -2(4) 	-3(4) C(11') 	45(5) 	27(5) 44(5) 8(4) 16(4) 1(4) 
C(12) 39(5) 	26(5) 38(5) -3(4) 5(4) -3(4) C(12') 	42(6) 	38(6) 47(6) -12(4) 	-7(4) -5(4) 
C(13) 42(5) 	38(5) 36(5) 7(4) 1(4) 	2(4) C(13') 	31(5) 	49(6) 33(5) -14(4) 	4(4) 4(4) 
C(14) 32(5) 	33(5) 22(4) -5(3) 6(3) 7(4) C(14') 	26(5) 	44(6) 36(5) 4(4) 	4(4) 0(4) 
C(15) 46(6) 	28(5) 50(6) -7(4) 14(4) 	12(4) C(15') 	46(6) 	30(5) 51(6) -7(4) 	0(5) 11(4) 
C(16) 58(7) 	36(5) 40(5) 14(4) 0(5) 3(5) C(16') 	35(5) 	28(5) 45(5) -13(4) 	9(4) 4(4) 
C(17) 47(6) 	38(6) 61(7) 4(5) 19(5) 	13(5) C(17') 	51(7) 	38(6) 52(6) -8(5) 	5(5) 13(5) 
C(18) 32(5) 	60(7) 59(7) 0(6) -2(5) 10(5) C(18') 	56(7) 	45(6) 67(7) -6(6) 	17(6) 14(5) 
C(19) 31(5) 	42(5) 35(5) -10(4) -1(4) 	-1(4) C(19') 	34(5) 	39(5) 37(5) 0(4) 0(4) -2(4) 
C(20) 26(5) 	46(6) 5 1(6) 4(5) 7(4) -9(4) C(20') 	26(5) 	40(6) 48(6) 0(4) 	7(4) -8(4) 
C(21) 36(5) 	34(5) 48(6) -9(4) 12(4) 	-2(4) C(21') 	35(5) 	33(5) 53(6) 2(4) 3(4) -6(4) 
C(22) 46(6) 	21(5) 71(7) 7(5) 6(5) 4(4) C(22) 	58(6) 	24(5) 57(7) 4(4) 	10(5) -9(4) 
C(23) 26(5) 	50(6) 57(6) 1(5) 12(4) 	-5(4) C(23') 	29(5) 	37(5) 57(6) -2(5) 	-2(4) -14(4) 
 26(4) 	32(4) 39(4) -11(3) 4(3) 1(3) 0(1) 	45(4) 	30(4) 92(6) 2(4) 16(4) -7(3) 
 41(4) 	25(4) 44(5) -7(3) 12(4) 	-2(3) 0(2) 	36(3) 	36(4) 45(4) -5(3) 	5(3) 2(3) 
0(1) 46(4) 	33(4) 104(7) -7(4) 14(4) 	-8(3) 0(3) 	32(3) 	31(3) 47(4) -1(3) 	-1(3) 5(3) 
0(2) 36(3) 	45(4) 42(4) 4(3) 7(3) 10(3) 0(4) 	23(3) 	40(4) 48(4) 2(3) 	4(3) 4(3) 
0(3) 36(3) 	25(3) 47(4) -3(3) 6(3) 	8(3) 29(4) 	25(4) 34(4) -3(3) 	6(3) -6(3) 
0(4) 25(3) 	33(3) 55(4) 4(3) 6(3) 0(3) 39(5) 	21(4) 70(6) -6(4) 	-1(4) -2(3) 
Table 6-68: Atomic co-ordinates [x lO] and equivalent isotropic displacement parameters [A2 x103] 
for 22 
x y z U(eq) x y z U(eq) 
 1798(13) 4208(7) 2499(3) 64(3) 0(IS") 	1308(12) -3526(9) 4117(2) 131(7) 
 1958(13) 4653(7) 2135(4) 67(3) 0(2S") 	1254(12) -4580(9) 4577(2) 106(8) 
 2228(13) 5775(7) 2108(4) 65(3) C(1S') 	1228(12) -3678(9) 4438(2) 104(6) 
 2404(14) 6413(7) 2443(4) 71(3) C(3S) 	1385(12) -1719(9) 4658(2) 109(6) 
 2177(14) 5957(7) 2793(4) 71(3) C(4S") 	1350(7) -910(3) 4933(12) 99(6) 
 1861(14) 4832(6) 2822(3) 66(3) C(5S") 	1360(4) 280(2) 4859(6) 96(5) 
 1409(15) 4159(7) 3168(4) 73(3) C(7S') 	1390(5) 2120(3) 5107(11) 103(6) 
 1597(13) 2969(7) 3006(4) 69(3) C(8S) 	1690(5) 3 160(3) 5399(11) 113(6) 
 2489(16) 4400(8) 3526(4) 81(4) 0(3S") 	1550(3) 3949(17) 5387(4) 95(5) 
 -527(17) 3887(11) 3703(4) 98(5) 0(4S") 	1840(4) 2659(15) 5687(8) 120(7) 
C(1 1) -474(14) 4381(9) 3307(4) 80(4) 0(1S') 1710(4) 2880(3) 5093(9) 146(8) 
 4220(15) 3803(10) 3566(5) 100(5) 0(2S') 	1670(5) 2205(17) 5758(8) 93(7) 
 3858(15) 2558(9) 3518(5) 97(4) C(IS') 1580(6) 2240(4) 5359(13) 110(6) 
 3250(14) 2374(8) 3109(4) 76(3) C(3S') 	1320(5) 260(3) 5261(9) 104(7) 
 1960(2) 3126(13) 4090(4) 109(5) C(4S) 1420(9) -640(4) 4963(16) 102(7) 
 2517(18) 2230(11) 3815(4) 98(4) C(5S') 	1220(5) -1730(3) 5073(9) 105(6) 
 1938(18) 1216(12) 3847(5) 117(5) C(7S) 1270(4) -3770(3) 4914(9) 104(7) 
 2467(19) 316(10) 3576(5) 118(6) C(8S') 	1350(6) 4850(4) 4657(15) 102(7) 
 3082(14) 1202(7) 2977(5) 94(5) 0(3S') 1270(4) -5640(2) 4700(6) 108(7) 
 2373(16) 1158(7) 2570(4) 85(4) 0(4S') 	1370(3) 4363(18) 4272(6) 100(7) 
 2030(17) 2227(7) 2362(4) 80(4) 0(2W) 	1410(4) 4940(2) 5320(7) 190(7) 
 2289(15) 5675(9) 1442(3) 80(3) 0(9W') 	15330(3) 1843(17) 8687(6) 132(7) 
 2966(19) 8161(7) 2721(4) 102(5) 0(9W) 	8700(4) 3600(2) 8933(8) 177(7) 
N(l) 1568(12) 3096(6) 2585(3) 68(3) 0(8W) 	10110(5) 1940(3) 8859(10) 200(8) 
N(2) 1300(13) 4072(9) 3857(3) 93(3) 0(7W) 	7880(4) 1690(2) 9186(7) 174(7) 
0(1) 2139(14) 2327(6) 2023(3) 104(3) 0(6W) 	7340(5) 2900(3) 8875(9) 218(8) 
0(2) 1879(10) 569(5) 3202(3) 88(3) 0(5W) 	9240(5) 2450(3) 9134(9) 206(8) 
0(3) 2403(10) 6319(5) 1779(2) 78(2) 0(4W) 	11780(6) 2730(3) 8709(9) 218(8) 
0(4) 2745(10) 7502(5) 2386(2) 80(2) 0(3W) 	9030(4) 3780(2) 8514(9) 191(9) 
C(3S) 1555(12) 1102(9) 5163(2) 114(4) 0(2W') 	9490(5) 2190(3) 8598(11) 212(11) 
C(6S) 1218(12) -2751(9) 4762(2) 113(5) 0(1W) 	14260(5) 2530(3) 8597(10) 222(8) 
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Table 6-69: Anisotropic displacement parameters [A2 x 103 ] in 22 
UI! U22 U33 U23 U13 U12 Ull U22 U33 U23 U13 U12 
 43(5) 31(4) 116(9) -5(5) 18(6) 3(4) 0(1 S") 156(15) 146(15) 91(13) -67(13) -17(13) 24(15) 
 46(6) 38(5) 118(9) -1(6) 18(7) 1(5) 0(2S') 89(11) 140(15) 88(14) -51(13) 1(11) -7(12) 
 45(6) 41(5) 110(9) -1(6) 2(7) 6(5) C(IS) 79(9) 134(11) 101(11) -67(11) -3(11) 25(11) 
 55(6) 36(4) 122(10) 12(6) 9(7) -7(5) C(3S) 85(10) 142(12) 101(10) -91(11) -8(10) 14(12) 
 55(6) 33(4) 126(10) -22(6) 13(7) -2(5) C(4S) 86(9) 119(13) 93(10) -94(11) 1(9) 11(12) 
 64(7) 27(4) 107(8) 10(5) 28(7) 8(5) C(5S) 86(9) 114(11) 89(9) -81(10) 5(9) 15(10) 
 61(7) 41(5) 116(9) -6(6) -3(7) 1(5) C(8S") 129(11) 113(11) 96(11) 40(12) 54(11) 58(12) 
 39(6) 30(4) 136(10) 1(6) 2(7) 1(4) 0(3S") 120(12) 106(11) 59(9) -15(9) -1(9) 27(12) 
 65(7) 55(6) 123(10) -9(6) 16(8) -18(6) 0(4S') 174(15) 60(12) 127(16) -4(12) 34(15) 35(14) 
C(I0) 67(8) 82(9) 144(13) 7(9) 14(9) 7(7) 0(IS) 162(16) 150(16) 124(15) 75(13) 51(15) 33(15) 
C(l1) 47(6) 54(6) 138(12) -6(7) 21(7) 1(5) 0(2S) 125(15) 59(14) 96(14) 48(11) -18(13) 18(13) 
 57(7) 69(7) 175(15) -11(9) 3(9) -1(6) C(IS) 116(10) 106(11) 107(11) 42(11) 43(11) 47(11) 
 46(6) 62(7) 183(14) 30(9) 1(9) -5(6) C(3S') 93(12) 119(13) 99(12) 42(13) 13(11) 8(13) 
 45(6) 49(5) 133(10) 9(6) -11(7) -5(5) C(4S) 86(10) 126(14) 94(11) -73(13) 6(10) 8(13) 
 94(11) 133(12) 100(10) 3(10) -24(9) -6(11) C(5S') 81(10) 131(13) 102(11) -84(11) -3(10) 6(12) 
 71(9) 91(9) 133(12) 27(9) -9(9) -6(8) C(7S) 78(11) 138(13) 95(12) -65(12) 7(11) 16(13) 
 63(8) 101(10) 186(16) 46(11) 42(10) -12(9) C(8S) 88(12) 130(14) 88(13) -71(14) 3(12) 17(14) 
 71(9) 60(7) 223(18) 42(10) -20(12) -11(7) 0(3S') 123(16) 149(17) 54(11) -23(14) 19(11) -6(17) 
 38(6) 31(5) 213(16) 16(7) 10(8) 4(4) 0(4S') 112(13) 120(14) 68(11) 42(12) 26(12) 1(13) 
 62(7) 32(4) 160(13) -7(6) 6(9) -2(5) 0(2W) 211(16) 194(14) 166(13) 33(13) .38(14) -37(14) 
 73(8) 27(4) 140(11) -9(7) 21(9) -1(5) 0(9W) 154(16) 111(13) 131(14) 48(12) -31(13) 49(13) 
 59(7) 67(6) 114(10) 12(7) 2(7) -2(6) 0(9W) 210(16) 140(14) 180(14) 51(13) -62(15) -50(13) 
 98(10) 30(4) 179(13) -6(7) 1(10) -12(6) 0(8W) 218(17) 211(16) 172(16) -1(15) -41(15) -15(15) 
 62(6) 29(4) 113(7) -1(5) 3(6) -6(4) 0(7W) 211(16) 159(14) 152(13) 63(12) -68(13) -56(13) 
 60(6) 93(7) 125(9) -9(7) -3(7) -11(6) 0(6W) 241(17) 226(16) 189(15) 51(14) 40(15) -21(15) 
0(1) 121(8) 48(4) 143(8) -10(5) 47(8) -5(5) 0(5W) 230(17) 220(16) 168(14) 26(15) -39(15) -24(15) 
0(2) 51(4) 49(4) 166(8) 23(5) 11(6) -2(4) 0(4W) 247(17) 211(15) 194(15) 36(14) .54(15) -29(15) 
0(3) 61(4) 54(4) 120(7) 18(5) 3(5) 0(4) 0(3W) 195(19) 139(16) 240(2) 28(17) -61(19) -40(17) 
0(4) 80(5) 3 1(3) 128(6) 3(4) 11(5) 3(4) 0(2W) 220(2) 200(2) 220(2) 94(19) -20(2) -1(19) 
C(3S) 110(8) 121(9) 112(8) 46(8) 7(8) 13(9) 0(1W) 250(17) 206(15) 211(15) 32(14) 44(15) -50(15) 
C(6S) 81(7) 152(10) 106(8) -83(9) 0(7) 12(10) 
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Strychnine co-Crystallisations with 
a Series of di-Carboxylic Acids 
7.1 INTRODUCTION 
Strychnine is not only structurally similar to brucine (see Figure 7-1), but also 
exhibits similar properties, including its toxicity and use as a resolving agent. The 
principal aim of this work is to study brucine co-crystallisations, and strychnine 
provides an interesting contrast. As has been mentioned in Chapter 2 no crystals of 
strychnine with any of the nucleic acids or uronates could be obtained. This is the 
reason why brucine has been chosen as a co-crystallising agent and not strychnine. In 
this chapter reasons for this behaviour are discussed on basis of the crystal structures 
obtained' with the dicarboxylic acids and the thirteen different structures obtained 




Figure 7-1: Molecular structure of strychnine with numbering scheme. 
All the strychnine crystallisations, structure solutions and preliminary structure refinements were 
performed by Caroline Dick and Sonja M.Schwarzl under my supervision. 
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Although strychnine, like brucine, has been used for over a century as a 
resolving agent only nineteen entries stored in the CSD contain strychnine (or 
strychninium).' These nineteen entries resulted in 16 different structures. Below the 
nineteen entries are given with their unit cell contents, their [6 letter code] in brackets 
and whether the structure shows a bilayer packing (for further explanation see section 
7.3.1 and Figure 7-3a): 
[STRCBH] Strychnine Hydrobromide Dihydrate packs in a bilayer 2 
[STRSUH]Strychnine Sulfate Pentahydrate packs in a bilayer 3 
[CODZEA] Strychninium N-Acetyl-L-Tyrosinate Pentahydrate packs in an 
alternative setting 4 
[CUXKJP] Strychnine N-Benzoyl-L-Alanine Clathrate packs in a bilayer 5 
[CUXKIP 10] Strychnine N-Benzoyl-L-Alanine Dihydrate packs in a bilayer 6 
[ZZZUEE01] Strychnine packs in an alternative setting  
[DEVGAM] Strychnine Nitrate packs in a bilayer 8 
[ZZZUEE02] Strychnine packs in an alternative setting  
[FEVFUH] Bis Strychninium Hexasulfide packs in a bilayer 9 
10.[FUGRUU] Strychninium Hydrogen (2S,3S)-Tartrate Trihydrate packs in a 
bilayer' ° 
11 .[FUGSAB] Bis(Strychninium) (2R,3R)-Tartrate Hexahydrate packs in a bilayer' ° 
12.[JATDEN] Strychnine Hydrochloride Sesquihydrate packs in a bilayer" 
13. [JEKSAT] 	Strychninium 	(2-Hydroxy- 1,3 -Propanediamine-N,N,N',N'-Tetra- 
Acetato)-Cobalt(III) Sesquihydrate packs in alternative setting' 2 
14.[ZZZNSI] Strychnine Selenate Pentahydrate packs in an alternative setting 13 
15.[ZZZUEE] Strychnine packs in an alternative setting 14 
16. [YEMBEX] Strychniniurn (1,3 -Diamino-2-(Pentanyloxy)Propane-N,N,N',N'-Tetra 
-Acetato)-Cobalt(III) Hexahydrate packs in a bilayer ' 
17.[ZEJMUW] Strychninium Iodide packs in a bilayer 16 
[ZEJNAD] Stiychninium (+)-Neopentyl Phthalate Chloroform Solvate packs in an 
alternative setting 16 
[ZEJNEH] Strychninium (+)-Neopentyl- 1 -Deutero-Phthalate Chloroform Solvate 
packs in a bilayer 16 
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The same series of dicarboxylic acids described in Chapter 6 were crystallised 
with strychnine. Concise descriptions of the structures are made below with with 
particular emphasis on the comparisons of these strychninium structures and their 
corresponding brucinium analogues. 
7.2 CRYSTAL STRUCTURE DETERMINATION 
7.2.1 Strychninium Oxalate Teirahydrate 
Crystals were obtained overnight from a supersaturated solution of strychnine 
and oxalic acid in ethanol. A well-formed tablet was chosen from a batch of 
colourless tablets. The unit cell of the crystal was determined to be primitive triclinic 
from 22 reflections with 400  :!~ 20 !~ 440  and at T = 220 (2)K (see Table 7-1). 
The structure, like all strychnine structures described here, was solved using a 
brucinium search fragment by DIRDIF. The structure showed four strychniniums, 2 
oxalates (with numbering scheme used throughout for the dicarboxylic acids shown 
in Figure 7-2) and 8 waters per asymmetric unit of 23 (all the crystallographic data 
for 23 are given in Table 7-1). 
The hydrogens on the water molecules were placed to form hydrogen bonds 
to the nearest acceptors with the restriction of an appropriate angle and restrained in 
these positions. Four waters 0(1W), 0(3W), 0(6W) and 0(8) are twofold disordered. 
The 0(6W) and 0(8W) refined to a 3 to 1 ratio and were constrained to this value. 
The twofold disorder in the oxalates around one of the carbons in each case causes 
the disorder in 0(1W) and 0(3W). The site-occupancies for the major components 






Figure 7-2: the used numbering scheme for the dicarboxylic acids. 
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7.2.2 Strychninium Hydrogen Malon ate Monohydrate 
Crystals were obtained overnight from a supersaturated aqueous solution of 
strychnine and malonic acid. A well-formed lath was chosen from a batch of 
colourless laths. The unit cell of the crystal was determined to be primitive 
monoclinic from 76 reflections with 400  :!~ 20 !~ 44° at T = 220 (2)K (see Table 7-1). 
The structure solved to contain one strychninium, one hydrogen malonate and 
one water per asymmetric unit of 24 (all the crystallographic data for 24 is given in 
Table 7-1). No problems were encountered during refinement. The hydrogen on the 
malonate was placed based on the bond lengths shown by the carboxylates and the 
bifurcating bond to the strychninium. The hydrogens on the water molecule were 
placed to form hydrogen bonds to the nearest acceptors with the restriction of an 
appropriate angle and restrained in these positions. 
7.2.3 Strychninium Hydrogen Succinate Monohydrate 
Crystals were obtained overnight from a supersaturated solution of strychnine 
and succinic acid in ethanol. A well-formed tablet was chosen from a batch of 
colourless tablets. The unit cell of the crystal was determined to be primitive 
orthorhombic from 39 reflections with 40° :~ 20 < 44° at T = 220 (2)K (see Table 7-
1). 
The structure solution showed one strychninium, one hydrogen succinate and 
one water per asymmetric unit of 25 (all the crystallographic data for 25 are given in 
Table 7-1). During refinement problems were encountered, which accounts for the 
observed bad fit. Twinning, e.g. around c (a b) could not be established. The data 
are of poor quality (mean <I/a> = 6.45). All anisotropic parameters of non hydrogen 
atoms were restrained. The hydrogen on the succinate was placed based on the bond 
lengths shown by the carboxylates and the bifurcating bond to the strychninium. The 
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hydrogens on the water molecule were placed to form hydrogen bonds to the nearest 
acceptors with therestriction of an appropriate angle and restrained in the positions. 
Table 7-1: X-ray Crystallographic data for 23, 24, 25 and 26. 
23 24 25 26 
Empirical 2(C2 H23N2O2) (C2 1 H23N2O2) (C21 H23N2O2) (C21 H23N2O2) 
formula (C20')2-.4.(.H20)._...  (c 3 H30y (HP) (C4H504)(H20) (C4H304) 1 .75(H20) 
Formula weight 415.46 470 . 51 482.01 	
- 
Crystal system Triclinic Monoclinic Orthorhombic Monoclinic 
Space group P1 P2 1 P2 1 2 1 2 1 P2 1 
Unit cell dim. 7.7150(15) 8.1280(5) 7.5695(18) 7.7787(14) 
15.101(3) 11.4682(7) 7.612(2) 7.429(2) 
17.440(4) 11.6720(7) 37.752(10) 20.261(5) 
a, fi, y 102.50(3), 104.418(5) - 98.373(13) 
96.76(3), 90.0 1(3) 
1969.2(7) 1053.72(11) 2175.2(10) 1158.3(5) 
Z 2 2 4 2 
D, Mg/M 3 1 401 1 439 1 437 1 382 
F000 884 484 1000 511 
temp, K 220.0(2) 220.0(2) 220.0(2) 220.0(2) 
radiation CuKa CuKcz CuKcx CuKcx 
Crystalform tablet lath tablet needle 
crystal colour colourless colourless colourless colourless 
Cryst. dim.. mm 0.31 x27xO.12 0.70x0.23 xO.16 0.23 x 0.19 x 0.08 0.58 x 0.19 x 0.16 
0.846 0.883 0.872 0.858 
scan type co-8 .. 
scan width 1.2+ 0.15tanB 1.2+ 0.15tanO 1.2+ 0.15tan0 1.2+ 0.15tanO 
Umax 70.11 70.00 60.11 70.08 
Refi measured 10413 3961 3096 4454 
Indep.Refl. 6973 2717 2062 2219 
No. of params 1210 300 309 411 
ref. /restr. 585 1 325 55 
refl,i>2c.r14329 2573 1173 1882 
.... 0*0506 0.0356 0.0969 0.0392 
wR2, all data 0.1322 0.0945 0.2765  0.1043 
Flack 0.3(3) -0.3(2) 1.8(12) 0.2(4) 
parameter 
. 	 .. .................... 
Mm and max eL -0.257 and 0.305 -0.200 and 0.225 -0.466 and 0.491 -0.181 and 0.176 
dens., 4' - 
scheme 	gi 99 0.1205 + 9.5051 0.0710 
Exci. Coeff. . 0.0018(2) 0.0121(10) 0.0017(6) 0.0068(10) 
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7.2.4 Strychninium Hydrogen Maleate Hydrate 
Crystals were grown overnight from a supersaturated solution of strychnine 
and oxalic acid in ethanol. A well -formed tablet was chosen from a batch of 
colourless tablets. The unit cell of the crystal was determined to be primitive 
monoclinic from 28 reflections with 400  :!~- 20 :~ 440 at T = 220 (2)K (see Table 7-1). 
The structure solution showed one strychninium cation, two maleate anion 
and 4 water positions per asymmetric unit of 26 (all the crystallographic data for 26 
are given in Table 7-1). The solution and refinement resulted in a well-defined 
strychninium ion, a twofold disordered maleate and 4 partialy occupied water 
positions. The anisotropic parameters of the carboxylate carbon C(1M) and its 
bonded neighbours are restrained and also are the water molecules. 
7.2.5 Strychninium Hydrogen Fumarate monoHydrate 
Crystals were formed overnight from a supersaturated aqueous solution of 
strychnine and fumaric acid. A well-formed colourless lath was chosen for structure 
determination. The unit cell of the crystal was determined to be primitive monoclinic 
from 26 reflections with 40° :~- 20 < 45° at T = 220 (2)K (see Table 7-1). 
The structure contains one strychninium, one hydrogen fumarate and one 
water per asymmetric unit of 27 (all the crystallographic data for 27 is given in Table 
7-1). No problems were encountered during refinement. The hydrogen on the 
fumarate was placed based firstly on the bond lengths shown by the carboxylates and 
secondly the bifurcating bond of one the carboxylates to the strychninium. The 
hydrogens on the water molecule were placed to form hydrogen bonds to the nearest 
acceptors with the restriction of an appropriate angle and restrained in these 
positions. 
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7.2.6 Stiychninium Hydrogen Glutarate monoHydrate 
Crystals were obtained overnight from a supersaturated solution of strychnine 
and glutaric acid in THE A well-formed tablet was chosen from a batch of colourless 
tablets. The unit cell of the crystal was determined to be primitive orthorhombic from 
53 reflections with 400 :~ 20 :!~ 440  at T = 260.0 (2)K (see Table 7-1). The data had an 
absorption correction based on w—scans (90 refl., max. transm. 0.805, mm. transm. 
0.619 with an ellipsoid correction with mean pr = 0.11).' 
The structure contains one strychninium, one hydrogen glutarate and one 
water per asymmetric unit of 28 (all the crystallographic data for 28 is given in Table 
7-1). No major problems were encountered during refinement. The hydrogen 
glutamate is twofold disordered with a 50. 1(10)% : 49.9(10)% occupancy ratio. Only 
two atoms are fully occupied; the protonated oxygen (0(2G)) and the deprotonated 
oxygen (0(3G)) hydrogen bonded to the N(2) on the strychninium. The hydrogen on 
the fumarate was placed based on firstly the bond lengths shown by the carboxylates 
and the bifurcating bond of one of the carboxylates to the strychninium. The 
hydrogen atoms on the water molecule were placed to form hydrogen bonds to the 
nearest acceptors with the restriction of an appropriate angle and restrained in these 
positions. 
7.2.7 Strychninium Hydrogen Pimelate 
Crystals were obtained overnight from a supersaturated solution of strychnine 
and pimelic acid in DMF. A well-formed lath was chosen from a batch of colourless 
laths. The unit cell of the crystal was determined to be primitive orthorhombic from 
112 reflections with 40° <— 20 !~ 44° at T = 220.0 (2)K (see Table 7-1). An absortion 
correction was applied on the data based on w—scans (216 refi, max. transm. 0.550, 
mm. transm. 0.424 with an ellipsoid correction mean p.r= 0.25)) 
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The structure solved to contain one strychninium and one hydrogen pimelate 
per asymmetric unit of 29 (all the crystallographic data for 29 is given in Table 7-1). 
No problems were encountered during refinement. The hydrogen on the fumarate was 
placed based on the bond lengths shown by the carboxylates and the bifurcating bond 
to the strychninium. 
Table 7-2: X-ray Crystallographic data for 27, 28, 29 and 30. 
27 28 29 30 
Empirical formula (C 21 H23N202 ' (C21 H23N2O2) (C21 H23N202) 2(C21 H23N202) 
(C4 1-1 504y (H20) (C5H704)' (H 20) (C7H 1 1 04 (C8H 1204)2 (C8H 1404) 
Formula weight 468.49 484.54 494.57 1017.14 
CrystalsystemMonocinic Orthorhombic Orthorhombic Monoclinic 
P2 1 2 1 P2 1  
Unit cell dim. 7.619(4)A 7.543(2)A 8.7443(16)A 25.692(12)A 
7.394(5) 7.944(4)A 13.075(3)A 7.615(4)A 
18.942(14) 8.72 
fl,y 92 . 11 0 - 	. ... - 	... 114.49(3)° 
1066.4(12) 2322.4(19) 2390.9(8) 5127.6(18) 
iz 2 4 4 4 
D,Mg/m 1459 1386 1374 811  
F000 496 1032 1056 2176 
Temp. K 220 0(2) 260.0(2)_  0(2) 220 0(2) 220.0(2) 
Radiation CuKa CuKa CuKa CuKa 
Crystal Form Lath Tablet Lath Block 
CstüCoThur Colourless Colourless Colourless Colourless 
cryst. dimmmO.50xIi2OxO.12O.39xO35x160.51x07x0.160.43xO.43x0.27 
p, mm' 0.889 0.832 0.788 0.749 
Scan Type co-B co-B 00-0 00-0 
Scan Width 1. 16  1.5+0.15tanO L.P. 1.2+0.15tanO 
9max 70.17 55.08 70.12 70.08 
refi measured 2658 3158 5353 10539 
indep.reft 2441 2889 4276 .712 
no. ofparams ref. 309 381 327 1355 
"restr. / 1 /234 /0  /1 
refl,J>2cjI 2102 1777 3798 4736 
RI, I> 2a(I) 0.0376 0.0785 0.0496 0.0737 
wR2, all data 0.0926 0.2147 0.1195 0.2553 
Flack parameter 0.0(3) T0 • 1 ( 8) 	..................... 0 . 6(3 ) -0 . 3 (4) 
m in and max eL -0.172 and 0.386 -0.2 19 and 0 .2 66 -0.189 and 0.194 -0.280 and 0.375 
dens., A3 
Weight. Scheme 0.0556 0.1244 9.95 	1A769 0.1213 
Extinction Coeff 0.0075(8) 0.00 12(5) 0.0037(3) 0.00012(5) 
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7.2.8 DiStrychninium Suberate Suberic Acid 
Crystals were grown overnight from a supersaturated aqueous solution of 
strychnine and suberic acid. A well-formed block was chosen from a batch of 
colourless blocks. The unit cell of the crystal was determined to be primitive 
orthorhombic from 32 reflections with 400  :!~ 20 :~ 440 at T = 220.0 (2)K (see Table 
7-1). An absorption correction was applied to the data based on 141—scans (94 refl, 
max. transm. 0.843, min transm. 0.459 with an ellipsoid correction mean tr 0.30).' 
The structure contains four strychniniums, two suberic acids and two 
suberates per asymmetric unit of 30 (all the crystallographic data for 30 is given in 
Table 7-1). The hydrogens on the suberic acids were placed based on the bond 
lengths shown by the carboxylates and the (bifurcating bonds) to the strychninium. 
This resulted in two suberates and two suberic acids with of each one disordered. The 
twofold disorder is observed in two related carboxylic groups with an 70.2(10): 
27.8(10)% occupancy ratio. 
7.3 CRYSTAL PACKING 
7.3.1 Strychnine Oxalate tetrahydrate 
The crystal packing of 23 is dominated by the bilayer seen in most of the 
strychnine structures (see Figure 7-3). A bilayer consists of two layers of 
strychniniums with a different polarity. The positioning of the two layers in a bilayer 
is consistent. The heads of a strychninium in one layer will always be positioned 
adjacent to the heads of the strychninium of the next layer. Between the bilayer 
packing found in 23, the oxalates and water molecules are located. The oxalate 
carboxylate groups bifurcate to the protonated N(2) on the strychninium. The twice 
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<(DHA) d(D.. A) 
1N2"...0404#3 140.10 2.955 
01W...02W#4 172.25 2.935 
knw...o2oI 151.16 2.960 
IV] W..0IO2 135.80 3,011 
'02W..0104 170.87 3.241 
o2w:..05w 111.79 2.836 
<(i)H4)d(D..A) 
2... 0101#1 146.68 2.798 
'2...0301#1 131.52 2.855 
'2... 0302#1 142.45 2.953 
2...0102#1 138.17 3.060 
'2...0304#2 145.73 2.773 
2..0103#2 140.10 2.786 
'2..0104#2 132.22 2.786 
'2'..0303#2 140,79 2.945 
"2... 0202#3 142.04 2.709 
"2...0401#3 141.25 2.804 
"2...0402#3 130.48 2.719 
"2... 0201#3 139.78 2.982 
'2"...0204#3 139.19 2.726 
r, 0403#3 147.27 2.799 
'2"...0203#3 131.56 2.877 
<(DHA)d(D..A) 
5W...0104 	137.15 2.973 
W..02W 	158.25 2.836 




7W... 04W 	122.64 2.803 
7W..08W 	124.82 2.468 
7W..0303 	136.70 2.789 
W...0303#6157.18 2.956 
W..04"2 157.14 2.911 
W'...0302 	120.87 2.617 
W'...0304 	168.90 2.902 
02W...06W 	157.23 2.783 
03W...0403#3135.79 2.761 
03W...0401#3142.97 2.732 
03W'...0404 	167.14 3.029 
03W...07W 	158,25 3.117 
04 W..03W 	163.96 2,801 
04W..0402#3120.45 3.159 
104W..07W 	164.83 2,803 
05 W...01 03 	164.03 2.766 
Bilayer 
E1P!II 
bifurcating oxalate is thus positioned orthogonal to both of the bilayers (see Figure 7-
3). The poorer angles are explained by the typical positioning of the oxalates (see 
Table 7-3). The water in the structure forms hydrogen bonds to itself and the 
oxalates. No water hydrogen bonds are directed to the bilayer. The two hydrogen 
acceptors the 0(1) and 0(2) are both unavailable, since they are encapsulated in the 
bilayer. 
Table 7-3: The hydrogen bonding network of 23. 
Symmetry transformations used to generate equivalent atoms: 
1:x-.1,y-1,z-1 	#2:x-1,y,z-1 	 #3:x+1,y,z 





Figure 7-3: (a) view along b showing the strychninium bilayer composed of two layers with a different 
polarity in 23 and (b) view along c showing the brucine like ribbons observed in 24. 
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7.3.2 Strychnine Hydrogen Malonate Monohydrale 
The molecular packing of 24 is dominated by a brucine like mono-layering of 
the strychninium (see Figure 7-3). In a brucine layer the protonated N(2) is coming 
out of the layer, but here the protonated N(2) seems to be encapsulated within a layer. 
The relatively loose packing of the ribbons ensures the hydrogen bonding to the N(2) 
(see Table 7-4). The mono-layering in 24 enables the 0(1) to form an indirect 
hydrogen bond via a water to the malonate. The hydrogen malonate has besides the 
bifurcated hydrogen bond to the N(2), an intramolecular hydrogen bond to a 
symmetry equivalent malonate and so a chain of malonates is formed within the 
structure. 
Table 7-4: The hydrogen bonding network found in 24. 
d'D...A) <(DHA) 	 jD-H...A 	d(D...A) <(DHA) 
IN2 	2.628(2) 153.6 101 W..OJM#2 2.857(3) 168.4 
N2...01M 3.3 15(3) 144.3 	 01W...01#2 	2.988(3) 177.0 
03M...02M41 2.582(3) 161.3 
Symmetry transformations used to generate equivalent atoms: 
# 1: -x+2, y+ 1/2, -z 	#2: -x+2, y- 1/2, -z+ 1 	#3:-x+1,y+112,-z+1 
7.3.3 Strychnin ium Hydrogen Succin ate Monohydrate 
The molecular packing shown by 25 is another example of the strychninium 
bilayer (see Figure 7-4). The major difference with the bilayer observed in 23 is the 
Table 7-5: The hydrogen bonding network 
found in 25. 
d(D...A) <(DHA) 
!N2...03S#1 2.606(17) 176.5 
01S...04S#2 2.628(16) 150.3 
101 W...02S#3 2.919(17) 135.0 
Symmetry transformations used to generate 
equivalent atoms: 
4 1:-X+2,Y+ 1/2,-Z+112 
#2: X -1, Y,Z 
#3:X+112,-Y- 112,-Z+ I  
polarity of the mono-layers between 
opposing layers. In 23 the direction of these 
adjacent mono-layers is different whilst here 
they show the same direction (i.e. a pseudo-
mirror between two bilayers could be 
envisaged). The succinate forms a hydrogen 
bond with protonated N(2) (see Table 7-5). 
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The protonated carboxylate forms a hydrogen bond to the deprotonated carboxylate. 
A chain of hydrogen bonded succinates is thus formed by this hydrogen bond. The 
water forms one hydrogen bond to the succinate, but the other possible hydrogen 
bond to a succinate is not present. 
(b) 
Figure 7-4: (a) view along b showing two strychninium bilayers related by a pseudo-mirror in 25 and 
view along b also showing two bilayers but related by a screw-axis in 26. 
73.4 Stiychninium Hydrogen Maleate Hydrate 
The strychninium bilayer shown by 26 is similar to the bilayer observed in 23 
(see Figure 7-4). The two adjacent bilayers display different polarities. Two bilayers 
are connected by an intricate hydrogen bonding network (see Table 7-6). Whilst the 
protonated N(2) forms an ionic hydrogen bond to the maleate, a water molecule 
forms a bond between the unprotonated and protonated carboxylate at a symmetry 
equivalent molecule. This molecule forms a bond with the adjacent bilayer. This 
network occurs for both disordered parts of the maleate and the connected water 
0(1W). The other two water positions show a diffuse network of hydrogen bonding. 
The presence of these disordered waters fills the channels between the maleates and 
bilayers. The hydrogen maleate also shows the intramolecular hydrogen bond that is 
also found in the brucinium hydrogen maleate structure. 
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Table 7-6: The hydrogen bonding network found in 26. 
d(D...4) <(DHA) 
N2..0IM#1 2.632(13) 176.6 
N2 ... OIM'#I 2.91(2) 163.1 
N2...02M#1 3.139(6) 124.2 
N2...02ji'#I 3.222(12) 137.7 
04M...02M 2.466(9) 169.2 
04M..02M' 2.425(16) 174.9 
O1W..03M#2 2.77(3) 172.8 
01 J3..0IM#3 2.865(15) 148.7 
I0IW'...04M'#2 3.3 1(3) 158.5 
0lW'...03M#2 2.62(3) 141.0 
Symmetry transformations used to gene: 
#1: -x+2, y-l/2, -z+1 #2: 
D-H...A d(D ... A) <(DHA) 
01W'..01M#3 2.80(2) 130.5 
02W..03If/ 2.39(2) 166.1 
02W..04M#2 3.080(15) 107.3 
02..02M#2 3.136(14) 127.3 
02..02M'#2 3.35(2) 145.6 
02..04M'#2 3.117(14) 123.8 
03..02W#3 2.55(2) 153.2 
03J..04M#2 3.05(2) 124.7 
03t'..01W' 3.13(3) 145.5 
03W...04M#2 2.342(17) 131.1 
ate equivalent atoms: 
X-1, y, z 	 #3: -x+1, y-1/2, -z+1 
7.3.5 Slrychninium Hydrogen Fumarate Monohydrale 
The stryciminium bilayer shown by 27 is similar to the bilayers observed in 
23 and 26 (see Figure 7-5) in that the two adjacent bilayers exhibit different 
polarities. Two bilayers are connected by a similar hydrogen bonding network as 
observed in 26 (see Table 7-7). Whilst the protonated N(2) forms an ionic hydrogen 
bond to the fumarate, a water forms a bond between the unprotonated and protonated 
carboxylate at a symmetry equivalent molecule. This molecule then forms a hydrogen 
bond with the adjacent bilayer. The hydrogen fumarate layer instead of having an 
intramolecular hydrogen bond shows an intermolecular hydrogen bond, which is 
formed between the protonated and unprotonated carboxylate. The intermolecular 
hydrogen bond creates a ribbon of hydrogen fumarates along a. The water molecule 
by hydrogen bonding turns the ribbons into a layer along b (see Figure 7-5). 
Table 7-7: The hydrogen bonding network found in 27. 
D-H...A 	d(D...A) 	<(DHA) 	 D-H...A 	d(D ... A) <(DHA) 
0(29...0(3)#1 	2.567(3) 164.0 0(IW) ... O(19#3 	2.836(4) 	160.0 
0(1W)...0(4',)#2 2.826(4) 	151.2 	 N(2) ... 0('4',l#4 2.705(3) 171.6 
Symmetry transformations used to generate equivalent atoms: 
#1: x-1,y,z 	#2: -x±1,y-1/2,-z 	#3: x,y-1,z 	#4: -x+2,y-1/2,-z 
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(a) 	 (b) 
Figure 7-5: (a) view along b showing a strychninium bilayer related to the opposing bilayer by a screw-
axis in 27 and (b) view along a also showing apart of the disordered glutarate and a bilayer related to 
the opposing bilayer by a screw-axis in 28. 
7 3.6 Strychninium Hydrogen Glutarate Monohydrate 
The strychninium bilayer shown by 28 is similar to the bilayers observed in 
25 (see Figure 7-5). with each adjacent bilayer showing the same polarity. Adjacent 
bilayers are connected via a similar hydrogen bonding network as observed in 26 and 
27 (see Table 7-8). While the protonated N(2) forms an ionic hydrogen bond to the 
glutarate a water forms a bond between an unprotonated and a protonated glutarate 
carboxylate of a symmetry equivalent molecule. This anion forms the hydrogen bond 
with the opposing bilayer analogous to its symmetry equivalent (see Figure 7-5). 
A complicating feature of 28 is the two-fold disorder with a 1:1 (50.1(1O)% 
49.9(10)%) occupancy ratio of the hydrogen glutarate. The close contact between the 
0(4G') and O(1G')#3 in the same symmetry equivalent disordered part of the 
molecule indicates that if one part of the disorder is present the neighbours are of the 
other part, hence the 1:1 ratio. These restrictions are only applied to a glutarate 
ribbon. The ribbons are formed along b by hydrogen bonding between the protonated 
(not disordered 0(2G)) and unprotonated carboxylate (disordered 0(4G)). The water 
has stabilised 0(2G) and 0(3G) by hydrogen bonding. This hydrogen bonding turns 
the ribbons in to a layer along b. The bifurcating by 0(4G') and 0(3G) may be the 
preferred orientation, but the subsequent orientation of the glutarate creates the close 
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contact, which makes this impossible. The disorder may be caused by this 
phenomenon. 
Table 7-8: The hydrogen bonding network found in 28. 
I D-H...A 	 d(D ... A) 	<(DHA) D-H...A d('D ... A) <(DIM) 
N(2) ... O(3G)#3 	2.637(10) 176.6 O(1W) ... O(1G)#.4 2.879(13) 133.9 
N(2) ... O(4G')#3 3.044(16) 123.6 O(1W) ... O(2G)#4 3.087(11) 154.8 
O(2G) ... O(4G)#1 	2.78(2) 162.1 O(JW) ... O(3G)#5 2.845(9) 166.0 
O(2G7 ... O(4G')#I 2.772(17) 162.7 	1 
Symmetry transformations used to generate equivalent atoms: 
#1: x,y+1,z 	 #2: x,y-1,z 	#3: -x+1,y+1/2,-z+1/2 
94: -x+1,y-1/2,-z+1/2 	#5: x-1,yz 
7.3. 7 Strychninium Hydrogen Pimelale 
So far the strychnine co-crystallisations reported have exhibited a bilayer 
packing organisation. The crystal packing of 29 displays a different packing (see 
Figure 7-6). The problems in the co-crystallisations of adipic acid and strychninium 
may be explained by this phenomenon. Here the strychninium packs in pillars along 
a. The pillar could be seen as a section of a bilayer of two strychniniums with facing 
heads. The pillars form channels in which the hydrogen pimelates form ribbons 
connected by hydrogen bonding between the protonated and deprotonated 
carboxylate (see Table 7-9). The ionic hydrogen bond bifurcates between the 
protonated N(2) and the deprotonated carboxylate of the hydrogen pimelate (see 
Table 7-9). 
Table 7-9: The hydrogen bonding network found in 29 
d(D ... A) <(DIM) 
N2...OIP#1 2.605 162.23 
N2...02P#1 3.157 119.20 
03P...02P#2 2.538 169.22 
Symmetry transformations used to generate equivalent atoms: 
-x+ 1 /2, -y+ 1, z- 1 /2 
x+1, y, z 
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Figure 7-6: showing pillars of strychniniums in (a) along a forming a channel in 29 and (b) along b 
encapsulated by acids (with the non-bonded part of the disorder showing) in 30. 
73.8 Strychninium Suberate 
The packing found in 30 is also dissimiliar to the packing observed in 23 to 
28 (see Figure 7-1). The strychniniums form again pillars but here composed out of 
two adjacently positioned strychniniums each facing the opposite direction. Instead 
of forming channels the stiychninium pillars are encapsulated by the acids. Two 
suberic acids remain protonated (the acids A and D positioned along c). The two 
suberate anions both form two ionic hydrogen bonds to the strychniniums (see Table 
7-10). One suberate and one suberic acid have each one disordered carboxylic group 
(with SE meaning the disorder of acid C and With SF meaning the disorder of acid 
D). The protonated acids form hydrogen bonds to the deprotonated acids. The 
disorder in the suberic acid may be caused by the two possible orientations of the 
carboxylate while hydrogen bonding to N(213). 
Table 7-10: The hydrogen bonding network found in 30. 
D-H. ..A d(D...A) <(DHA) 
N(2A)... 0(2SB)#1 2.583(9) 176.8 
V(2B)... 0(2SC)#2 2.623(9) 167.0 
V(2B) ... O(JSC)#2 3.196(9) 133.2 
V(2C) ... O(3SB)#3 2.591(9) 171.1 
42D)... 0(3SC)#4 2.568(10) 172.7 
%I(2D)... 0(3SE)#4 2.77(2) 160.5 
D-H. ..A d(D...A) <(DHA) 
V(2D) ... O(4SE)#4 3.04(2) 131,1 
N(2D) ... O(4SC)#4 3.180(11) 128.4 
O(2SA) ... O(ISC) 2.613(12) 141.2 
0(3SA)... 0(4SB)#3 2.610(11) 1683 
O(1SD)... O(JSB) 2 594(11) 164.6 
0('4SF)... O(4SE) __3.35(3) 128.1 
Symmetry transformations used to generate equivalent atoms: 
#1: -x+1,y-1/2,-z+1 	#2: -x,y-1/2,-z 	#3: x-1,y,z-1 
	
#4: -x+2,y- 1 /2,-z+1 
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7.4 CoNcLusioN 
In the strychnine crystal lisations reported here a bilayer is the most commonly 
observed packing motif (in five of the eight structures). This is even more apparent 
looking at the structures reported in the CSD where of the sixteen strychnine 
structures thirteen are seen to crystallise in a bilayer. 
This limited series of crystallisations might have been successful in 
establishing a possible explanation for the more limited co-crystallisation 
possibilities of strychnine compared with brucine. While we have seen many possible 
packing variations with brucine ribbons the strychnine seems to be constrained to one 
dominant packing motif; a bilayer. This limitation of strychnine packing might 
explain why co-crystallisations with strychnine have shown to be less successful. The 
limited co-crystallising possibilities might be enhanced by the hydrogen bonding. 
Where brucine is usually observed to hydrogen bond with N(2) and 0(1) (even 0(2) 
is possible) strychnine has only the N(2) available. Both 0(1) and 0(2) are facing 
inward the bilayer and are thus unavailable for forming hydrogen bonds. This results 
in a mainly hydrophobic shell which precludes it from hydrogen bonding. 
This series of crystallisations shows strychnine to accommodate the counter 
ion with the bilayer as much as possible. The structures 25, 26 and 27 show that 
where brucine is flexible in its crystalisation strychnine is not. The ionic hydrogen 
bond is vital in the packing motifs. This hydrogen bond directs the orientation of the 
acid. The bilayer shows to be unable to accommodate adipic (no structure at all), 
pimelic and suberic acid (29 and 30) for which different packing motifs were 
observed (see Figure 7-6). 
In conclusion, the rigidity of the strychnine bilayer and its limited hydrogen 
bonding possibilities impair the co-crystallising properties of strychnine, wheras 
brucine with many more hydrogen bonding possibilities and variety of packing is a 
versatile co-crystallising agent. 
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Chapter 8 
Description and Classification of Brucine, 
Brucine Ribbons and Brucine Layers. 
The conserved brucine layering as seen by Gould et al l and Taylor  (see 
Figure 8-5b) and stated as the essential feature in brucine co-crystallisations is here 
fully described in terms of conserved brucine ribbons instead of layers. The 21 
structures, containing 31 brucines, described here and the 13 structures, containing 16 
brucines, taken from the CSD support this and extend this hypothesis. The resulting 
34 structures containing 47 brucines are used for description and classification. 
Firstly though, the brucine molecule itself is described with average bonds 
and angles. The parameters discussed in each chapter are used for description and 
classification of the ribbons and layers. They will be divided on basis of the three 
motifs observed for the brucine ribbons. The orientation of each brucine molecule in 
a ribbon is shown in a figure similar to Figure 8-lb by M. The angle of the line Li 
with the unit cell axes and this unit cell dimension are both a measure of the 
puckering of a brucine ribbon and give a linear relation, but also show the ribbon to 
remain conserved. The orientation of each brucine molecule in layer is also shown in 
a figure similar to Figure 8-lb by Pi, which is the normal of the plane P1 through 
C(8), C(3) and C(4). The line P1 describes the tilt and orientation in the unit cell. P1 
is defined by the angles with a line perpendicular with the brucine layer and parallel 
with a brucine ribbon. The orientation is used to support the brucine classification 
and the three motifs observed. 
The hypothesis of the brucine layering is altered to the conserved brucine 
ribbon. The ribbons are conserved and rigid. The resulting packing modes of these 
ribbons, especially the corrugated layers reported Gould et al l and Taylor 2, are 
subsequently conserved and rigid. This is shown in the anhydrous 'ground state' 
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brucine packing, the nucleotides and the uronates. Especially the uronates structures, 
with the conserved layers, suggest the use of brucine as a co-crystallising agent. The 






(a) 	 (b) 
Figure 8-1: (a) Showing a unit cell, with crystal faces and their normals and the line Li describing 
the brucine position in the unit cell of X, (b) constructing the normal of P1; P1 on basis of the angles 
with the unit cell edges (P1 = - ....y° - ... .z(,) and showing Li. 
8.1 THE BRUCINE MOLECULE 
Brucine has only 2 regions of relative flexibility; the bonds around the N(2) 
and the methoxy groups, otherwise it is essentially rigid. To obtain a full analysis of 
brucine and of these 2 regions, a sub-database was created by the programs Quest and 
Pre-Quest3 containing all brucine structures. This sub-database, containing 47 brucine 
molecules, provided the basis for the brucine analysis. All angles and bond lengths and 
selected torsion angles for brucine in the sub-database were analysed by the program 
Quest. 
The only really flexible part of the brucine molecule is the brucine head, 
described by the (torsion) angles involving the two methoxy groups (see Figure 8-2). 










0(3)-C(3)-C(4) 115.19(19) 118.522 (13) 117.463 (12)  
0(4)-C(4)-C(5) 124.4(2) 	_108.706 (12) 117.463 (11) 
0(4)-C(4)-C(3) 115.5(2) 121.94 [PIDMEU] 127.397 (12) 
show the angle 0(4)-C(4)-C(3) to be larger than 0(3)-C(3)-C(4) which is accentuated 
by the angles 0(4)-C(4)-C(5) and 0(3)-C(3)-C(2). This indicates that the C(4)-0(4) 
methoxy group bends away from the ring with an average larger angle. No obvious 
reason, besides the steric hindrance of the aromatic ring can be found. 
Figure 8-2: Showing the discussed bond lengths, angles and torsion angles in each brucine 
This behaviour is explained by the subsequent torsion angles. The torsion 
angles describe the out of plane distortion. 
angle 	minimum 	maximum 
C(22)-O(3)-C(3)-C(2) 	6(3) -13.787 [JOPPAF] 114.859 (13) 
C(23)-0(4)-C(4)-C(5) -0.3(8) 	-14.622 (15) 	11.462 [PIDMEU] 
Where the C(4)-0(4) methoxy group bends away in the aromatic plane but stays in 
that plane, the C(3)-0(3) methoxy group bends out of the plane. Both the angles and 
the torsion angles show a bigger spread if the brucine is not part of a ribbon (and or 
layer). The close-packed and conserved brucine ribbons quench the movement of the 
methoxy groups where the other types of brucine packings do not. 
The bond lengths around the N(2) (see Figure 8-2) are divided into those 
around a protonated and a non-protonated N(2). These classes are further divided into 
the structures described here, these found in the database and a combination of the 
two (see Table 8-1). It is apparent that the bonds around the protonated N(2) show no 
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variation from the previously described sequence of N(2)-C(9) > N(2)-C(10) = N(2)-
C(15).Although it is notable that the bond lengths for N(2)-C(10) and N(2)-C(15) are 
equal. The bond lengths around the non-protonated N(2) are higher for the structures 
found in the database. The averages for the database structures and structures 
described here are based on 4 brucines molecules each and thus 8 for the overall 
average. The bondlength of N(2)-C(9) is higher than the other two and falls in the 
sequence N(2)-C(9) > N(2)-C(1O) N(2)-C(15). The major difference between the 
environments of the protonated and non-protonated N(2) is the increase of the bond 
lengths and the stipulation of the sequence by protonation. The increase of the bond 
lengths is explained by the protonation but the observed sequence is not. No 
satisfactionary explanation for this phenomenon can be given at this time. 
Table 8-1: The average bond lengths with standard deviations around the protonated and non-
protonated N(2) for the structures found in the database(D), here(H) and the combination of these 
two(C). 
ND NItD NH NIIH Nc NItc 
N2-C9 	1.501(5) 1.535(4) 1.494(6) 1.532(3) 1.498(4) 1.533(2) 
N2-C15 1.492(4) 1.511(3) 1.485(5) 1.509(4) 1.489(3) 1.510(3) 






1.538(2) 1.513(3) 1.500(2) 
1.538(2) 
o 1.54 1(2) 1.383(2) 
1.371(2)  
1.511(2 1.520(3) \\\1 .324(4) 
1.559(2) 1.534(3) 














Figure 8-3: Brucine with average bond lengths and standard deviations. 
All the bond lengths and angles of all the known brucine structures are 
averaged. A brucine with average bond lengths is shown in Figure 8-3. At the end of 
this chapter a full account by means of tables of all these bond lengths and angles is 
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given for the structures found here and a combination of these structures with those 
reported in the CSD (see tables Table 8-3 - Table 8-6). 
8.2 BRUCINE RIBBON DESCRIPTION 
Throughout this thesis emphasis has been placed on the description of brucine 
ribbons (see Figure 8-5). The brucine ribbons are found in the majority of structures 
(25 out of 34 structures) and so are a major classification feature. The description of a 
ribbon can best be assessed by analysis of the angles involving Li (see Figure 8-1). 
These are the angles of Li with the axes along which brucine ribbons are positioned 
(see Table 8-2). The cell parameters of these axes are in the range of 11.505 (4) and 
17.417A (ZUSHEA) with angles of 47.6 and 15.3° respectively. If these are both 
omitted, the extremes for the cell parameters are 12.049 and 13.002A and for the 
angles 27.1 and 36.8°. The average without ZUSHEA and 4 results in a cell 
parameter of 12.40(15)A with a puckering angle of 32.5(17)°. The average with 4 is 
12.37(17)A with an angle of 33(2)0. 
c.r C 
11.6 	11.8 	120 	122 	124 	126 	128 
	
11.4 11.6 11.8 120 122 	124 126 128 iao 
Mge LI wth r-pL 	 Azle Li with ci 
(a) 	 (b) 
Figure 8-4: Showing the linear relation between puckering angle and cell parameter (c.p.) for (a) the 
structures described here giving the line: Y = 202(14) - 13.7(1 l)X and (b) all structures giving the 
line: Y = 185(12) - 12.3(10)X. 
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The omission of the extreme values for the calculation of an average puckering 
angle and cell parameter was not necessary for 4 in the correlation of the two 
parameters (see Figure 8-4). The omission of parameters obtained from ZUSHEA 
was based on its obviously different packing. The extrapolation results in a straight 
line through the data points. The straight line is the simple relation between a 
decreasing cell parameter with increasing puckering and vice versa. In Figure 8-4 this 
is shown for the structures described here and for those found in the CSD. The linear 
least squares fit on both sets of parameters resulted in equations Y = 202(14) - 
13.7(1 l)X and Y = 185 (12) - 12.3 (10)X for (a) and (b) respectively (with Y the 
angle in degrees and X the cell parameter in A). 




BAHLAX 12.446 34.5 
CUXKOV 12.423 31.5 
12.423 32.5 
DAFFUL 12.337 34.8 
FAKCAV 12.455 32.3 
JURVAT 12.383 32.3 
LIGJOA 13.002 27.7 
WASLAD 12.519 32.4 
WASLEH 12.378 32.1 
ZUSHEA 17.417 15.3 
Cell par. Angle 
2 11.505 47.6 
4 12.744 28.8 





7 12.324 34.1 
12.324 32.7 
8 12.635 28.0 
12.635 27.1 
9 12.467 32.0 
10 12.049 35.4 
12.049 34.7 
11_ 12.233 32.7 
Cell par. Angle 
12 12.065 36.8 
12.065 35.8 
14 12.297 35.2 
15 12.607 31.5 
12.607 30.7 
16 12.429 31.0 
18 12.298 32.9 




22 12.299 34.5 
Not only has a brucine ribbon an average puckering distance, it also has an 
average thickness. The average thickness, calculated from all fifteen structures 
containing puckered layers is 7.89(16)A (see Figure 8-5b). The dimpled layers (see 
Figure 8-5a) are not used since they are more efficiently packed shown by the 
average thickness of two ribbons which is 14.41(12)A and thus less than 15.78A (2 x 
7.89(16)). For this calculation, the cell dimensions of the four relevant structures 
reported by P.Taylor are converted into the unit cell setting here used and averaged. 
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Figure 8-5: Two possible arrangements of brucine ribbons forming layer with in (a) out of phase 
ribbons and in (b) in phase ribbons. 
In each chapter, structures with the brucine ribbon motifs as shown in Figure 
8-5, have some selected distances in a layer tabulated to clarify the brucine puckering. 
In Figure 8-6 a part of a layer is 
Figure 8-6: part of a brucine layer (type IA) 
with v/dW radii of C:1.27. H:0.82. N:1.20. and 
0:1.16 
to keep the ribbons (and layers) together. 
shown in a space-filling plot to show 
the head to tail interaction in such a 
brucine packing. Most of those 
tabulated distances are also van der 
Waals interactions in a brucine ribbon 
(and layer). Although no specific 
interaction seems to dominate, the v/d 
Waals interactions are ever present 
and are the only interactions observed 
262 
8.3 BRUCINE LAYER DESCRIPTION 
Two different brucine layers have been observed (see Figure 8-5) of which the 
corrugated brucine layer reported by Gould et al' is by far the most frequent. The 
layers discussed here are those built up out of puckered brucine ribbons. Two types of 
layers built up out of brucine ribbons have been studied; the puckered layers build up 
out of 'in phase' ribbons and the dimpled layers build up out of 'out of phase' ribbons. 
As seen in the previous section, the ribbons out of which the ribbons are built up are 
rigid, but are the ribbons, if placed in the layers, equally rigid? For this purpose, the 
normal of each brucine observed in a ribbon, exemplified by P1 and its angles with the 
unit cell, are taken and plotted (see Figure 8-1b). 
The two angles taken are the ones of P1 with the normal of the brucine layer 
(y) and with cell-axis dependent on the degree of puckering (x). The resulting angles 
are given for all structures containing ribbons. Here all these parameters are converted 
such that the brucine is in the same orientation. Figure 8-7 shows the view looking 
down a brucine layer with each brucine positioned heading to the left top (x,-y) with 
the 0(1) on its left (-y) and the N(2) on its right (y). For this purpose all structures 









.10 	 0 	 10 	 20 
La)- N—M (y) -' 
   
   
La) 	xnI (y) 
 
(a) 	 (b) 
Figure 8-7: Showing the relation between layer type and brucinium orientation for (a) the structures 
described here and (b) all structures. The black dots define a puckered layer the red dots define a 
dimpled layer and the blue dots define non-layered ribbons. 
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In Figure 8-7b, the parameters found for all structures (including structures 
reported by P. Taylor  containing brucine ribbons are given with black dots 
representing the puckered layers, red dots representing the dimpled layers and blue 
representing non-layered ribbons. The puckered layers containing in phase brucine 
ribbons all have their heads up, while most are leaning to the left 0(1) side. The 
dimpled layer containing out of phase brucine ribbons also have their heads up but 
are leaning to their right N(2) side. While no dimpled layers were found in the CSD, 
three structures containing loose brucine ribbons were located. These non-layered 
ribbons are indicated by blue dots. The brucines in these ribbons all have their heads 
lifted but show tilts to both sides. 
The layers are kept together by van der Waals forces only. In each chapter, for 
structures with the brucine ribbon motifs as shown in Figure 8-5, the selected 
distances in a layer were tabulated to clarify the brucine puckering. In section 8.2 
these close contacts are used to show the head to tail interaction by van der Waals 
forces in such a brucine ribbon, but they also indicate the layer interactions if a 
corrugated layer is formed. In packings consisting of 'out of phase' ribbons (see 
Figure 8-5a) the interactions between two packed ribbons consists only of head to 
head contacts. The difference between the dimpled and corrugated layer lies in the 
higher degree of close contacts in the corrugated layer consisting of the ever present 
head to tail interactions where the dimpled layer only shows head to head interactions 
between ribbons. Although again no specific interaction seems to dominate, the van 
der Waals interactions are always present and are the only interactions observed to 
keep the layers together. The thus created layers have a hydrophobic inside kept 
together by the van der Waals forces and a hydrophilic outside capable of hydrogen 
bonding. 
The most striking feature of firstly the ribbon and secondly the layer is the 
clearly defined spread in orientation. With the presence of the ribbon in 75% of all 
brucine structures, defined by the constant puckering angle and if present the constant 
orientation in the layer, the hypothesis of the conserved brucine ribbon and layer is 
seen to be valid and well supported. 
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8.4 CLASSIFICATION 
The classification of brucine will be based on this capability of brucine to 
crystallise in brucine ribbons. From the 34 structures with co-ordinates available 25, 
nearly three-quarters, crystallise with this highly characteristic feature: ribbons. 
Brucine ribbons are in general a rigid entity falling within certain boundaries (see 
sections 8.2 and 8.3). This feature of brucine packing is for these reasons used as the 
guideline through the brucine packing classification. So the first step is to divide 
brucine packings into two classes those structures containing ribbons and those who 
do not. 
Class I containing brucine ribbons and 
Class II containing no brucine ribbons. 
These two classes can be subdivided on the basis of special ribbon packing 
L)T0 	
'7 
Figure 8-8: Proposed type Ha packing. 
characteristics into types. An attempt 
of describing the Class II by head to 
head brucine interactions has been 
made,4 which is exemplified by 19, 
CODZOK and brucinium N-CBZ-L-
aspartate (see Figure 8-8). Other 
packing motifs of head to head 
interactions have been observed e.g. 
2, just as side by side packing motifs. 
This merely serves as an indication of 
a possible description for a Class ha. The remaining structures would then be seen as 
Class JIb structures. But Class ha, consisting of only three structures of the remaining 
nine structures, is not seen as an observed trend yet due to this limited number of 
observations. 
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In section 8.3 the different layers have been characterised by the orientation of 
the brucine by P1. The three, already distinguished by the different packing types, 
showed this by their orientation. So in Class I three types can be distinguished; 
Type a consists of brucine layers built up out of a stacking of 'in phase 
ribbons' creating a puckered layer, 
Type b consists brucine layers built up out of a stacking of 'out of phase 
ribbons' creating a dimpled layer and 
Type c consists of brucine structures built up out of brucine ribbons but 
not Type a or Type b. 
Of these three types, la and lb, could be subdivided in parallel and anti-parallel 
layers. This is not done again due to the limited number of structures resulting in 
over-classification. 
Having described and classified the different brucine packing types, they can 
also be indicated by cell-dimensions and space groups. In section 8.2 the average cell 
dimensions for structures containing ribbons and / or layers are given. In addition to 
the cell parameters a few selected patterns are discussed with their specific unit cell 
contents and spacegroup. Structures containing parallel corrugated layers are in 
general built up out of 1 brucine per monoclinic asymmetric unit with a = 7.89(16) 
A, b = 12.40(15) A, c = x A and 3 # 90° with P21 as spacegroup (structures 2, 5 etc.). 
An exception is 8 which has the spacegroup C2 resulting in the out of phase 
puckering of 2 neighbouring layers. Anti-parallel layers (see Figure 8-5b) are built up 
out of 1 brucine per orthorhombic asymmetric unit, P2 1 2 1 21 as spacegroup and a = 
7.89(16) A, b = 12.40(15) A and c = x A (structures 4, 14 etc.) or 2 brucines per 
monoclinic asymmetric unit, spacegroup P21 and a = 7.89(16) A, b = 12.40(15) A, c 
= 2x A, 0 # 90° (see structures 3, 15 etc.). This deduction of brucine packing on 
basis of elementary information is powerful tool for structure determination. 
Class Ic seems in general to be a brucine packing modification when the 
counter molecule is of bigger size. The brucine is then, instead of a two dimensional 
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basis for crystallisation, a one dimensional basis: a ribbon around which the counter 
molecules pack and can a such identified by the single cell dimension of 12.40(15) A. 
8.5 CO-CRYSTALLISING AGENT BRUCINE 
The assumption that brucine tends to crystallise in conserved puckered layers 
made up out of head to tail brucine ribbons has been confirmed. This assumption has 
been strengthened and refined by describing the brucine ribbon as the basic rigid 
building block. This building block accounts for 75% of all brucine structures. The 
conformation has been achieved by the crystallisation of several types of brucine 
structures. 
The several lines of crystallisation have given a ground state, i.e. the 
anhydrous brucine, a refinement by the nucleotides, the uronates and the other 
hydrates and bulk by the series of carboxylic acids and previously reported structures. 
The brucine hydrate structures on their own have given an enormous amount of 
information about the brucine packing. The crystal structures with the nucleotides 
and the uronates have shown that the brucine ribbons form a rigid backbone on 
which other molecules can crystallise without loosing conformation. These 
crystallisations show that the study in the development of brucine as a co-
crystallising agent had a successful start. Strychnine co-crystallisations have shown 
that because of its very rigid bilayer packing, it is not capable of crystallising with a 
great variety of structures. This feature enhances the choice for brucine as a co-
crystallising agent. 
Not only have these crystallisations shown the power of brucine to crystallise 
in mainly one motif, but also its ability to do this with a striking variety of acids. 
Further research should be founded on extending the successful uronates and 
nucleotide crystallisations to gain further insight in the power of brucine as a co-
crystallising agent. Protein crystallisation techniques i.e. hanging or sitting drop 
plates with variable conditions should be used. This is not only an extension of the 
techniques used but also anticipates the mostly limited availability and the expense of 
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molecules for which brucine would be used as a co-crystallising agent. In the next 
section a consise example of such a crystallisation, here with a trisaccharide, will be 
discussed. 
8.5.1 The Brucine a-Kdo-2. 8- a-Kdo-2. 4- a-Kdo-2-O-Allyl Structure 
Solution 
The trisaccharide a-Kdo-2.8-a-Kdo-2.4-a-Kdo-2-0-Allyl 5 ' 6 (see below) is 
the epitope of a lipopolysaccharide which is a major surface antigen of the genus 
Chlamydiae 7, pathogenic obligatory intercellular parasites and the cause of disease in 
animals and humans. The trisaccharide is composed out of the Kdo saccharide: 3-
deoxy-D-manno-2-octulosonic acid. This molecule exhibits the features to be co-
crystallised with brucine: scarce and non-crystallisable. 
cx-Kdo-2. 8-a-Kdo-2.4-a-Kdo-2-O-Allyl 
The a-Kdo-2.8-a-Kdo-2.4-a-Kdo-2-0-Allyl crystallisation with brucine from 
isopropanol prepared by P. Kosma and put at our disposal gave the following hopeful 
results. The data collection on a colourless needle resulted in the following unit cell a 
= 18.13(4) A, b = 12.31(3) A, c = 23.03(5) A and j3 96.49(3)°. The spacegroup was 
determined to be P21 (mean <I/a> = 2.45). The brucine a-Kdo-2.8-a-Kdo-2.4-a-





provided by the program PATSEE 8 . This resulted in overall three brucines per 
asymmetric unit (see Figure 8-9). The result was obtained after interpretation and 
recycling of several possible brucine positions and frilly confirms the expected 
solution. The unit cell indicates by the a cell dimension a brucine ribbon and by the c 
cell dimension a layer system consisting of three ribbons (23.03(5) & 3 . 7.89(16). The 
resulting packing consist of parallel corrugated brucine layers within between 
positioned the tri-saccharide. The saccharide was modelled by M.D. Walkinshaw in 
between the layers on basis of the residual electron density by the program Witnotp 9 . 
The three carboxylates are directed to the presumably protonated N(2) forming an 
ionic bond, while also giving an indication for the presence of three brucines per 
asymmetric unit. The data quality unfortunately did not permit a full scale refinement. 
Figure 8-9: The trisaccaride brucme solution shown along a (a) and along c (b) 
The solution obtained was however successful in revealing the conserved 
corrugated brucine layering. This suggests that the more elaborate aim of this work to 
establish if brucine could act as a co-crystallising agent based on its presumed ability 
to crystallise in conserved layers is supported by this structure solution. But it also 
stresses the need to extend this study to investigate, to a fuller extent, the possibilities 
of brucine to serve as a co-crystallising agent. 
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Table 8-3: The average bond lengths are given from 31 brucinines out of 21 structures reported here. 
C3-C4 C4-05 C4-04 C2-C3 C3-03 Cl-C2 Cl-C6 C1-N1 C5-C6 C6-C7 
vIean 1.41 1.382 1.371 1.385 1.366 1.39 1.379 1.421 1.391 1.511 
DSamp 0.0200.012 0O !.7........ 0.022 0.01 0.014 0.011 0.011 0.012 0.019 
SDMean 0.004 0.002 0.003 0.004 0.002 0.002 0.002 0.002 0.002 0.003 
rIinimu 1.376 1.347 1.322 1.311 1.344 1.356 1.357 1.394 1.367 1.486 
rIaximu 1.475 1.409 1.407 1.431 1.393 1.425 1.408 1.444 1.41 1.572 
C7-C8 C7-C9 C7-Cll NI-C8 C8-C14 NI-C21 C'21-C'20 C21-Ol C'20-C19 C19-C14 
Mean 	1.56 1.541 1.535 1.49 1.524 1.36 1.509 1.227 1.545 1.529 
SDSamp 0.015 0013 0017 0019 0015 0015 0025 0019 0026 0013 
SDMean 0.003 0.002 0.003 0.003 0.003 0.003 0.004 0.003 0.005 0.002 
Minirnu 	..514 1.515 1.474 1.448 1.486 1.292 1.394 1.194 1.478 i.508 
Ma.ximu 1.594 1.573 1.584 1.577 1.55 1.382 1.554 1.303 1.661 1.568 
C19-02 04-03 C13-C72C16-Cl3Cl2-C9 C9-N2 Cl 6-Cl 7C'16-CJ5CJ7-C18C18-Ol 
'an 	...4321.535 1.536 1.518 1.509 1.527 1.324 1.502 1.5 1.436 
Samp 00160018 0.015 
Mean 0.0O3 0.003 0.003 0.003 0.003 0.004 0.005 0.003 0.002 0.003 
nimu 	1.366 1.502 1.491 1.471 1.456 1.475 1.223 1.46 1.469 1.388 
ximu1.465 1.615 1.578 1.579 1.540 1.576 1372 1.54 1.539 1.48 
N2-C15 N2-C'lO 
1 
Cl 0-Cl 1 C'23-03 C'24704 
Mean 1.506 1.507 1.516 1.428 1.431 
SDSamp 0.022 0.016 0.02 0.011 0.019 
S'DMean 0.004 0.003 0.004 0.002 0.003 
klinimu 1.473 1.477 1.488 1.41 1.404 
kfaximu 1.579 1.542 1.606 1.458 1.493 
Table 8-4: The average angles are given from 31 brucinines out of 21 structures reported here. 
C3-C4-C4 C3-C4-04 C5-C4-04 C2-C3-C4 C4-C3-03 C2-C3-03 Cl-C2-C3 C6-Cl-C2 
'an 	120.058 115.529 124.373 120.787 115.244 123.947 117.956 121.612 
amp1e1392L4491.592 _0.91 1.121 1.276 
Mean 	0.25 0.26 0.286 0.156 0.257 0.173 0.201 0.229 
nimum 114.985 113.33 118.522 118.963 108.706 122.108 116.63 117.673 
iximum 123.285 121.035 128.986 123.607 117.463 127.397 122.261 123.666 
C2-CI-NI C6-Cl-Nl C4-05-C6 C1-C6-C7 C5-C6-C7 C5-C6-CI C6-C7-C8 C6-C7-C9 
Mean 	128.057 110.303 120.444 110.604 128.743 118.982 102.43 115.261 
SDSampIe 1.04 0.993 0.923 1.043 0.796 0.864 1.025 1.096 
SDMean 	0.187 0.178 0.166 0.187 	. 0.143 0.155 0.184 0.197 
Minimum 125.904 108.967 118.717. 107.239 126.708 116.551 100.67 113.272 
Maximum 131.643 114.487 122.707 112.27 130.242 121.239 106.01 117.381 
C6-C 7-Cl I C8-C7-C9 C8-C7-Cll C9-C8-Cll C7-C8-NI C7-C8-C14 NI-C8-C14 
Mean 	112.431 113.911 111.263 101.875 104.435 117.219 106.085 
cDSample 1.34 0.926 0.796 	. 1.276 ...74.... . .. 	0.801 
cDMean 	0.241 0.166 0.143 0.229 0.134 0.162 0.144 
Minimum 107.987 111.283 109.699 98.437 102.455 115.474 104.471 
ktaximum 114.73 115.215 113.271 105.857 105.957 119.413 107.649 
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C8-NI-CI C8-N1-21 C1-N1-c21 N1-c21-c20 N1-c21-01 C'20-c21-01 
Mean 109.112 119.336 125.612 115.658 122.483 121.833 
SDSample 0.837 0...8911 1 532 1.592 1.174 1.003 
SDMean 0.15 0.16 0.275 0.286 0.211 0.18 
Minimum 105.922 117.371 121.822 112.297 118.87 119.055 
Maximum 110.633 121.494 129.722 122.066 125.385 123.48 
C21-C20-C19 C20-C19-C14 C20-C19-02 C14-09-02 C19-C14-C8 C19-C14-C13 
Mean 117.439 110.189 104.62 114.523 107.22 118.385 
1.126 0.896 SDSample 1.048 1.019 1 . 029 0 . 774 
SDMean 0:202 0.161 0.188 0.183 0.185 0.139 
Minimum 114.436 106.942 102.809 112.595 103.785 116.485 
Maximum 119.675 111.914 108.22 117.43 108.88 119.856 
C8-C14-C13 C12-C13-C14 C14-C13-C16 C12-C13-C16 C13-C12 7C9 C12-C9-C7 
Mean 112.657 106.217 114.629 109.274 108.584 110.499 
SDSampIe 0.868 0.817 1.356 0.945 0.89 1.042 
SDMean 0.156 0.147 0.244 0.17 0.16 0.187 
Minimum 110.189 
11 	 1 	 1. 
103.064 111.127 107.082 107.032 107.237 
Maximum 114.252 107.477 119.523 112.119 111.809 112.804 
C12-C9-N2 C7-C9-N2 C13-C16-C17 C13-C16-C15 C17-C16-C15 C16-C17-C18 
Mean 104.899 122834 115.746 115.254 121.861 122.671 
SDSample 0.995 0792 0.945 1112 1115 1.284 
SDMean 0.179 0.142 0.17 0.2 0.2 0.231 
Minimum 101.797 121.639 114.335 112.575 118.655 119.901 
Maximum 107.433 124.976 118.22 117.172 124.289 125.966 
C17-C18-02 C18-02-C19 C9-N2-C15 C9-N2-C10 C15-N2-C1O N2-C15-C16 
Mean 111.599 114.513 113.523 107.719 112.347 109.796 
SDSample 1.05 0.758 0.925 1.17 1.099 1.305 
SDMean 0.189 0.136 0.166 0.21 0.197 0.234 
Minimum 109.433 112.526 111.324 105.605 108.198 107.647 
Maximum 113.9 115.648 116.418 112.782 114.21 113.031 
C7-C1 1-Cl I ClO-N2-C1O C3-03-C23 C4-04-C24 
Mean 103.475 104.486 116.587 116.395 
SDSampleLl64 1.014 1.321 0.7 
SDMean 0.209 0.182 0.237 0.126 
Minimum 99.223 100.144 112.354 114.681 
Maximum 106.854 106.199 118.412 117.676 
Table 8-5: The average bond lengths are given from 47 brucinines out of all 34 structures. 
C3-C4 C4-05 C4-04 C2-C3 C3-03 Cl-C2 CI-C6 C1-N1 C5-C6 C6-C7 
Mean 1.409 1.383 1.371 1.386 1.367 1.391 1.377 1.423 1.392 1.511 
0.020 0.012 0L91...9:0. 0.011 0.013 0.013 	..9.0 . 1 0.0130016 
SD Mean 0.003 0.002 0.002 0.003 0.002 0.002 0.002 0.002 0.002 0.002 
Minimu 1.347 1.347 1.322 1.311 1.344 1.356 1.340 1.394 1.363 1.486 
Maximu 1.475 1.409 1.407 1.431 1.4 1.425 1.415 1.458 1.43 1.572 
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C7-C8 C7-C9 C7-C11 N1-C8 C8-C14 N1-C21 C21-C20 C21-01 C20-C19 C19-C14 
Mean 1.559 1.541 1.538 1.489 1.525 1.361 1.511 1.224 1.543 1.529 
SDSarnp 0.014 0.013 0.016 0.017 0.013 0.014 0.022 0.017 0.024 0.013 
SDMean 0.002 0.002 0.002 0.002 0.002 0.002 0.003 0.002 0.003 0.002 
Minimu 1.514 1.515 1.474 1.448 1.486 1.292 1.394 1.194 1.478 1.492 
Maximu 1.594 1.573 1.584 1.577 1.55 1.383 1.554 1.303 1.661 1.568 
C19-02 C14-C13C13-C12C16-C13C12-C9 C9-N2 C16-0706-05C17-0808-01 
Wean 1.432 1.534 1.538 1.52 1.513 1.526 1.324 1.5 1.498 1.435 
SDSamp 0...017 0017 0.014 0.021 0.018 002 0.025 0.016 0.014 0 . 015 
S'DMean 0.002 0.003 0.002 0.003 0.003 0.003 0.004 0.002 0.002 0.002 
(sMnimu 1.366 1.493 1.491 1.471 1.456 1.475 1.223 1.46 1.469 1.388 
N2-C15 N2-C10 Cl 0-Cl 1 C23-03 C24-04 
Mean 1 :506 1.505 1.515 1.426 1.427 
0 : 0 1 9 . SDp 0.016 0.017 0.014 
SDMean 0.003 0.002 0.003 0.002 0.003 
Minimu 1.473 1.473 1.488 1.38 1.368 
Maximu 1.579 1.542 1.606 1.458 1.493 
Table 8-6: The average angles are given from 47 brucinines out of all 34 structures. 
C3-C4-C4 C3-C4-04 C5-C4-04 C2-C3-C4 C4-C3-03 C2-C3-03 C1-C2-C3 C6-C1-C2 
lean 	120.075 115.455 124.434 120.91 115.19 123.882 117.739 121.863 
'DSamplel.223 .1.3 35 ..476 ..942 1.304 0.935 1.256 1.241 
DMean 	0.178 
1. 
0.195 0.215 0.137 0.19 0.136 0.183 0.181 
linimum 114.985 113.081 118.522 118.963 108.706 121.94 113.016 117.673 
faximum 123.285 121.035 128.986 123.607 117.463 127.397 122.261 125.458 	I 
C2-C1-N1 C6-C1-N1 C4-05-C6 C1-C6-C7 C5-C6-C7 C5-C6-C1 C6-C7-C8 C6-C7-C9 
Mean 	127.829 110.281 120.337 110.666 128.802 118.939 102.364 115.339 
1.025 0.89 0.93 1.048 1.134 1.042 0.957 1.138 
S'DMean 	0.15 0.13 0.136 0.153 0.165 0.152 0.14 0.166 
Minimum 125.366 108.967 118.488 107.239 124.649 114.765 100.67 113.147 
ktaximum 131.643 114.487 122.707 112.28 131.887 121.239 106.01 118.231 
C6-C7-C11 C8-C7-C9 C8-C7-C11 C9-C8-C11 C7-C8-N1 C7-C8-C14 N1-C8-C14 
Mean 112.345 114.11 111.313 101.713 104.504 117.101 106.044 
SDSampie1.214 0.882 0.792 .. :7ILP.:.8? 0.886 
SDMean 0.177 0.129 0.116 0.172 0.104 0.121 0.129 
Minimum 107.987 111.283 109.699 98.437 102.455 115.403 103.385 
Maximum 114.73 115.721 113.271 105.857 105.957 119.413 107.649 
C8-N1-C1 C8-N1-C21 C1-N1-C21 N1-C21-C20 N1-C21-01 C20-C21-01 
Mean 109.088 119.434 125.45 115.536 122.668 121.762 
SDSample 0.774 1. 125 0.967  
SDMean 0.113 0.129 0.194 0.204 0.164 0.141 
Minimum 105.922 117.371 121.822 112.297 118.87 119.055 
Maximum 110.633 122.105 129.722 122.066 125.647 123.48 
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C21-C20-C19 C20-C19-C14 C20-C19-02 C14-C19-02 C19-C14-C8 C19-C14-C13 
Mean 117.438 110.214 104.589 114.492 107.361 118.341 
SDSample 1.128 0.893 1.128 0.928 0.972 0.732 
SDMean 0.165 0.13 0.165 0.135 0.142 0.107 
Minimum 114.436 106.942 101.111 112.595 103.785 116.485 
Maximum 119.675 112.481 108.22 117.43 109.846 119.856 
C8-C14-C13 ç12-C13-C14 C14-C13-C16 C12-C13-06 C13-C12-C9 C12-C9-C7 
Mean 112.701 106.253 114.577 109.187 108.577 115.52 
SDSampIe 0.812 0.766 1.182 0.899 0.804 0 963 
SDMean 0.118 0.112 0.172 0.131 0.117 0.141 
Minimum 110.189 103.064 111.127 107.082 107.032 113.732 
Maximum 114.252 107.871 119.523 112.119 111.809 118.22 
C12-C9-N2 C7-C9-N2 C13-C16-C17 C13-C16-C15 C17-C16-C15 C16-C17-C18 
Wean 110.629 104.987 122.531 115.27 122.154 122.785 
SDSample 0.966 1.003 0.979 1.109 1.294 1.323 
SDMean 0.141 0.146 0.143 0.162 0.189 0.193 
iIinimum 107.237 101.797 119.914 112.447 118.655 119.901 
Waximum 112.804 107.856 124.976 117.201 126.483 125.966 
-. C17-C18-02 C18-02-C19 C9-N2-C15 C9-N2-C1 5-N2-CIO N2-C15-C16 
Mean 111.554 114.583 113.388 107.661 112.355 110.128 
SDSampie 1.026 0.841 0.879 1.054 0.999 1.36 
SDMean 0.15 0.123 0.128 0.154 0.146 0.198 
Minimum 109.081 111.885 111.324 105.605 108.198 107.643 
Maximum 113.9 116.43 116.418 112.782 114.21 113.031 
C7-C11-C11 CIO-N2-CIO C3-03-C23 C4-04-C24 
Mean 103.413 104.64 116.624 116.522 
SDSample 1.046 O. 907 	. 1.258 0.692 
SDMean 0.153 0.132 0.184 0.101 
Minimum 99.223 100.144 112.354 114.681 
Maximum 106.854 106.199 118.412 117.814 
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 Monoclinic P 21 a = 8.057 b = 12.744 c = 9.501 8= 100. 09 Type la 
 Monoclinic P2i a= 15.2283 b=7.4569 c= 19.8581 /1= 112.50 Type JIb 
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 Monoclinic C 2 a = 32.246 b = 12.467 c = 11.029 8= 104.31 Type Ic 
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 Monoclinic P 21 a = 7.891 b = 28.676 c= 12.578 fl = 90.95 Type la 
 Orthorhombic P212121 a=12.4296 b=13.6127 c14.3337 Type lc 
 Monoclinic P21 a7.941 b = 13.838 c = 11.370 fl = 111.275 Typellb 
 Monoclinic C2 a= 14.3486 b = 12.2977 c = 15.1729 8= 105.267 Type lb 
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Abstract 
Although the title compound. C43H58017.0.355C4HK02, 
from Entandmphragma cvlindricum. exhibits significant 
disorder in its ester side chains, it was possible to deter -
mine the absolute configurations of the (2S)-2-methyl-
butanoate and (25)-2-hydroxy-2-methylbutanoate side-
chain groups by comparison with the stereochemistry 
of the core secotetranortriterpenoid skeleton. 
Comment 
The commercially important mahogany timber trees of 
the genus Entandmphragma produce a small number 
of highly functionalized structurally complex secotetra-
nortriterpenes. such as utilin. (I), and entandrophrag-
mm. (II). which are characterized by the presence of 
an orthoester function (Arene et al.. 1966: Taylor & 
Wragg, 1967: Harrison et al.. 1970; Taylor. 1974: Hal-
sail et al.. 1977). Interest in natural products containing 
this relatively rare structural unit is stimulated by the 
toxic and antileukaemic activities of other orthoester-
containing natural products. such as the daphnetoxin-
type Thymelaeceae diterpenoids (Evans & Taylor. 1983: 
Baxter & Ziegler. 1994). 3-Dihydroentandrophragmin. 
(III). was isolated previously by Halsall etal. (1977) and 
its structure deduced by comparison of its 13 C and 'H 
NMR spectra with those of entandrophragmin, the struc-
ture and stereochemistry of which were in turn based 
on the crystal structure of utilin (Harrison et al., 1970). 
However, the absolute stereochemistry of the 2-methyl-
butanoate and 2-hydroxy-2-methylbutanoate  side chains 
remained undetermined. In the course of our studies on 
the characterization of biologically active plant prod-
ucts, we have isolated (III) from the heartwood of E. 
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Fig. I. A view of (1I1).0.0355EtOAc with H atoms omitted. Only the 
major components of the disordered regions arc shown. 
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.3-Dihvdroentandrophragmtn. (Ill), was crystallized 
as its ethyl acetate solvate (C 43H5 5017.0.355Et0AC) as 
colourless plates from EtOAc-hexane. Its identity was 
confirmed by mass spectroscopy and "C NMR spec-
tra, which were in accord with previously reported data 
(Halsall e: at.. 1977). The crystallographic identification 
was based on refinement of the core structure of the 
known stereochemisu'y at the secotetranortriterpenoid 
skeleton, which gave typical bond lengths and angles. 
The core structure and stereochemistry of Ø-dihydro-
entandrophragrnin, (III), found here are in total agree-
ment with the structure of the secotetranortriterpenoid 
core described by Harrison et at. (1970). However, the 
substituent ester functions, namely 2-hydroxy-2-methyl-
butanoate (R,), 2-methylbutanoate (R7), the isobutyrate 
group (R3), and the methyl acetyl group at C5, all 
suffered twofold disorder. The isobutyrate group (R3) 
shows a 0.45 (15)10.55 (15) disorder ratio. The ethyl ac-
etate solvent is disordered about a twofold axis and is 
also found to have short contacts with R and R,. This. 
combined with the short contact between R, and the 
methyl acetyl side chain at CS, rules out the possibility 
of the simultaneous occupation of these sites. Because 
of this inter-relationship among R,. R2, the methyl acetyl 
group and the ethyl acetate, the site occupancies for their 
two parts were refined jointly to 0.711 (9)/0.289 (9). Sta-
ble refinement was achieved by restraining the bonds 
and the 1-3 distances in the disordered regions to have 
typical values with an s.u. of 0.01 A. The entire struc-
ture was restrained such that bonded atoms have equal 
U" with an S.U.  of 0.05 A and those components in 
the direction of the bond have equal U" with an s.u. of 
0.01 A-. The total number of restraints applied is 828. 
Despite the disorder present in (III) and the indeter-
minate Flack (1983) parameter, the known core stereo-
chemistry has made it possible to define the absolute 
configurations of both chiral centres of the ester side 
chains (C34 and C43). The absolute configuration at 
both of these in (III) is S. The most likely origin 
of the 2-hydroxy-2-methylbutanoate side chain of (III) 
is through biological hydride reduction of the threo-
2.3-epoxy-2-methylbutanoate (Halsall et at.. 1977) side 
chain of (II), which now suggests that this ester must 
have 2S.3R stereochemistry. Chemical interconversions 
of compounds (I), (II) and (III) have shown that (III) 
shares a common nucleus with entandrophragmin and 
utilin. 
The packing arrangement of 3-dihydroentandropttrag-
min shows two significant hydrogen bonds: an in-
tramolecular 01. 08 contact of 2.624(10)A and an 
intermolecular 02 (y x. - z) one of 2.759(10) A. 
which arranges the molecules in pairs each donating and 
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For the isolation of (Ill), coarsely ground heartwood (I kg) 
of Enrandmphragma cvlindricum was continuously extracted 
with light petroleum (333-353 K) at rellux in a Soxhlet ap-
paratus for [2h. After evaporation, the residue was parti-
tioned between 50% aqueous EOH (250 ml) and diethyl ether 
(500 ml) and the residue from the ether extract subjected to 
column chromatography on silica using hexane and EtOAc-
hexane mixtures as eluants. Fractions containing (111) were 
concentrated in vacuo and the compound was crystallized 
from EtOAc-hexane as its EtOAc solvate: m.p. 521-523 K: 
['rio ll° (c 1 .09. CHCI5): MS ml:: 847.3762 ((M W. 
Ca31H590i7 requires 847.37401. 'Hand ' 3 C NMR spectroscopic 
data were in accord with those previously reported (Halsall ci 
al.. 1977). Mass spectra were obtained using a Kratos MS50TS 
spectrometer in the +FAB mode with a glycerol matrix. NMR 
spectra were recorded in CH2Cl2 on a Broker AC360 spec-
trometer. 
Crystal data 




a = 11.0341 (8) A 
c = 62.874 (9) A 
V= 6629.4(12) A3 
Z=6 
0, = 1.320 Mg m 3 
D. not measured 
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Cu Ka radiation 
= 1.54184 A 
Cell parameters from 59 
reflections 
O = 20_220 
= 0.852 mm' 
T= 150 (2) K 
Tablet 
040 x 0.40 x 0.10 nun 
Colourless 
Data collection 
Stoe Stadi-4 four-circle 
diffractometer equipped 
with an Oxford Cryosys-
tems low-temperature 
device (Cosier 8c Glazer. 
1986) 
., scans with learnt-profile 
method (Clegg. 1981) 
Absorption correction: 
by integration (see below) 
T.,.. = 0.727. T,.. = 0.920 
5589 measured reflections 
Refinement 
Refinement on F2 
REF' > 2o(F)J = 0.075 




H atoms:see below 
w = 11[o(F.) + (0.II02P) 
+ 12.5558P] 
where P= (F,, + 2F. 2 0 
= 0.059  
4548 independent reflections 
3746 reflections with 
I> 2a(f) 
Rn = 0.066 
= 60.09° 
h = -9 - 10 
k= -Il - It 
I = -33 - 70 
3 standard reflections 
frequency: 120 nun 
intensity decay: <3% 
= 0.53 e A 





Scattering factors from 
International Tables for 
Crystallography (Vol. C) 
Absolute structure: Flack 
(1983) 
Flack parameter = 0.9 (5) 
The approximate crystal shape was refined using X-SHAPE 
(Sloe & Cie. 1997) and symmetry-related data to give a 
shape bounded by eight crystal faces. This crystal shape was 
then used to calculate absorption corrections using SHELXTL 
(Sheldrick, 1994). Data could not be collected beyond O,,. = 
60° because of the presence of the low-temperature device. 
Accordingly, the ratio of reflections to parameters is lower 
than would have been desired. 
Data collection: DIF4 (Sloe & Cie. 19900). Cell refinement: 
DIF4. Data reduction: REDU4 (Sloe & Cie. 19906). Pro-
grain(s) used to solve structure: SHELX97 (Sheldrick. 1997). 
Program(s) used to refine structure: SHELX97. Molecular 
graphics: SHELXTL (Sheldrick. 1994). Software used to pre-
pare material for publication: SHELXTL. 
Supplementary data for this paper are available from the IUCr 
electronic archives (Reference: BM 1227). Services for accessing these 
data are described at the back of the journal. 
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